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DYGABCD - A PROGRAM  FOR CALCULATING LINEAR A, B, C, AND D 

MATRICES FROM A NONLINEAR DYNAMIC ENGINE SIMULATION 

by  Lucille  C. Geyser 

Lewis  Research  Center 

SUMMARY 

A digital  computer  program, DYGABCD, has been developed that  will  generate 
linearized, dynamic  models of simulated  turbofan and turbojet engines. DYGABCD is 
based on an earlier computer  program, DYNGEN, that is capable of calculating simu- 
lated  nonlinear  steady-state and transient  performance of one-  and two-spool turbojet 
engines or two- and  three-spool  turbofan  engines. 

Most control  design  techniques  require  linear  system  descriptions. For multiple- 
input/multiple-output systems  such as turbine engines, state  space  matrix  descriptions 
of the  system  are often desirable. DYGABCD computes  the  state  space  matrices, 
commonly referred  to as the A, B, C, and D matrices,  required  for a linear system 
description.  The  report  discusses  the  analytical  approach and provides a users manual, 
FORTRAN listings, and a sample  case. NASA  TN D-7901, describing DYNGEN, is a 
necessary adjunct to  this  report. 

INTRODUCTION 

Digital computers are more  frequently being  used to  accurately  simulate  the steady- 
state and transient  performance  characteristics of turbojet and  turbofan  engines. These 
simulations are capable of modeling  these engines over the complete  range of power 
settings and flight  conditions. DYNGEN (ref. 1) is one such engine simulation  that is 
generalized  to  permit  the  user  to model many different  engine  configurations. It is 
based on the  generalized  steady-state engine  modeling  codes GENENG (ref. 2) and 
GENENG II (ref. 3). These  codes are based on a technique called SMOTE (refs. 4 
and 5). 



To accomplish  the  modeling  accuracy  being  demonstrated by DYNGEN and other 
digital  computer  engine  simulation  codes,  nonlinear  steady-state and transient  physical 
relationships  must  be included. Most of the  analytical  design  approaches  used by  con- 
trol  designers, however, require  linear  descriptions of the  steady-state and transient 
characteristics of the engine. Linear  approximations  to  nonlinear  systems can be ob- 
tained at  a  particular  operating point (a  particular  equilibrium condition of power setting 
and flight  condition) for  small  excursions about that  particular point. 

For a  system  as  complex  as an engine, this  linear  system  description  usually con- 
sists of a  multitude of interdependent  linear  algebraic and differential  equations  that 
can be written in a  compact form by using  matrix notation. A widely accepted  linear 
dynamic system  representation  (ref. 6) uses  a  system  matrix A, a  control  matrix B, 
an output matrix C, and a  feed-forward  matrix D. To describe an engine on a  linear- 
ized  basis  over its complete  operating envelope,  however, a whole family of suitably 
selected  linear  approximations would be required. 

This  report, then, describes DYGABCD, a  digital  computer  program  that calcu- 
lates  the A, B, C, and D matrices  for any turbofan or turbojet engine  that is capable of 
being  simulated with the DYNGEN program. DYGABCD can  be  used (1) exactly as 
DYNGEN to  generate engine steady-state and transient  performance  characteristics; or 
(2) to  generate  the  linear model A, B, C, and D matrices. The method of calculation 
employed in DYGABCD to generate  these  matrices can easily be used in any transient 
simulation  that  uses  a  backward  difference  integration  technique  (ref. 2). 

The report first presents (1) the  theoretical or analytical  bases  for  linear model 
approximations  to  nonlinear  systems, (2) a definition of the  compact  matrix  formulation, 
and (3) a  derivation of the  equations  necessary  for  determining  matrix  element  values 
from the  transient  simulation. Next presented i s  a  users guide for DYGABCD, including 
complete  descriptions of those  subroutines  that  have  computational  techniques  different 
from DYNGEN. The FORTRAN symbols  used are defined in appendix A, complete 
listings are shown  in appendix B, and a  sample case  is  presented in appendix C. 

DYGABCD is written in FORTRAN  IV and was  used on the IBM 360/67 with the 
time-sharing  system (TSS).  The program should run equally  well with the  operating 
system ( O S )  on an IBM 360 or  370 series computer. 

ANALYTICAL BACKGBOUND 

The simulation of a  complex  turbine engine process  involves both linear and non- 
linear  algebraic and differential  equations.  Multiple  equations of this type can generally 
be expressed in compact  vector  notation as 
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where x is a vector of the  time-varying  states of the engine, u i s  a  vector of the  sys- 
tem  control  inputs to the engine, and y is a  vector of the  engine's outputs. The vector 
x represents  the  time rate of change of each of the  engine's states. The following 
table lists some  typical  states, inputs, and outputs for  a  turbine engine system 

States 

Temperatures 

Pressures 

Speeds 

Inputs outputs 

Fuel flows 

Specific  fuel consumption Bleeds 

Thrust Nozzle area 

Engine airflows 

Fan surge margin 

Compressor  surge margin 

Since most  control  design  techniques  require  a  linear  description of the-process to 
be controlled,  a  linear  approximation to the  nonlinear  system  needs  to be developed. 
At a  particular  operating point, equations (1) and (2) can be  represented by a  Taylor 
series expansion about that point. If the  vectors x and u are assumed to be single 
elements (i. e.,  scalars), equation (1) may be written as  follows: 

The Taylor  series expansion  about the point (xg, uo) is 
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+ Other  higher  order  terms (4) 

If (x = %, u = uo) is a steady-state  operating point, the  system is in equilibrium and 
hence % = 0. Thus, by using  equations (1) and (3), equation (4) can  be rewritten as 

+ Other  higher  order  terms (5) 

where op denotes operating point. 
In a suitable neighborhood of the  steady-state  operating point (xo, %), the  higher 

order  terms of equation (4) are negligible, and equation (1) can  be  approximated by 
using only the first  partial  derivative  terms. By letting Ax = x - ~0, Au = u - uo, and 
A2 = 2 - G, equation (5) becomes the  linear equation 

A X = -  AX +- ai Au - a; 
ax au OP OP 

Equation (2) may be linearized in similar fashion for  the output y, resulting in 
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Definitions of A, B, C, and D Matrices 

An actual  system with a multitude of states, inputs, and outputs, when linearized 
about an operating point, can be described by the following linear  vector-matrix equa- 
tions: 

A ~ = A A X + B A U  ( 8) 

A y = C A x + D A u  (9) 

where 

Ax 

Au 

AY 

A 

B 

C 

D 

n 

C 

0 

n-dimensioned vector of state deviations 

c-dimensioned vector of system  control input deviations 

o-dimensioned vector of system output deviations 

n- by n-dimensioned state system  matrix 

n- by c-dimensioned control input matrix 

o- by n-dimensioned output matrix 

o- by c-dimensioned  feed-forward matrix 

number of states 

number of control inputs 

number of outputs 

The system  matrix A is a matrix of numbers  that are the  values of particular 
partial  derivatives at a specific  operating point. When the  partial  derivative notation 
of equations (6) and (7) is used,  equations (10) to (13) show the  elemental  arrangements 
of the  matrices A, B, C ,  and D. 
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Solutions for  Full  Forms of A, B, C ,  and D Matrices 

It is our intent to  take a DYNGEN digital  computer  simulation with its nonlinear 
dynamic  equations  and to develop a method for extracting  from it the  elements of the A, 
B, C ,  and D matrices at particular engine operating  points. 

Because of the backward  finite-difference  integration  technique  required by DYNGEN 
(SMOTE technique), it is necessary  to  calculate  the  inverse of the state system  matrix 
A. To accomplish  this, equation (8) can  be rewritten as 

To solve  for A-l ,  all system  control input deviations Au from  the  operating point are 
set  to  zero. Thus, 

Each element of A-' is then approximated as 

where  the state derivatives 2. are  perturbed, one at a time, as  described in the follow- 
ing  paragraph. 

J 

A steady-state  vector of the states x is calculated. The state  derivatives  at 
this  steady-state point are therefore  zero. The first zi is set  to some suitable value, 
Ak, with the rest of the 2 s held  to  zero. A new state  vector x* is calculated.  The 
difference between x* and  x is the  vector Ax associated with this first AX. Each of 
the  other & s is then set to  some  suitable value, Ak, one at a  time, with all  other s 
set to zero  each  time. A new vector X*  and a new vector Ax are calculated for each 
A?. A matrix of these Ax column vectors is formed. Each column vector is divided 
by the A 2  that  produced it, thereby  forming  the A - l  matrix  referred to in equation 
(16). The A-' matrix is then inverted  to obtain the A matrix. 

Solve for  the  control  matrix B as follows: Under equilibrium conditions, k = 0, 
equation (8) becomes 

8 



Each element of -A-'B is then  approximated a s  

Axi 
(-AIB>ij M - 

Au. J 

where the  system  control  inputs u. are  perturbed, one at a time, as  described  in  the 
following paragraph. 

A steady-state  vector of the  states x is calculated. The first system  control in- 

J 

put  u is changed by some  suitable value Au with the  remainder of the u1 s held to 
their  steady-state  values. A new state  vector x* is calculated. The difference be- 
tween x* and x is the  vector Ax associated with this first Au. Each of the  other 
u1 s is then perturbed by some  suitable Au, one at a time, with all  other ut s remaining 
constant  each  time. A new vector x* and a new vector Ax are  calculated for each 
Au. A matrix of these Ax column vectors is then formed. Each column vector is 
divided by the Au that  produced it, thereby  forming  the -A-lB matrix  approximated 
by equation (18). This  matrix is then premultiplied by -A to obtain the B matrix. 

To solve for  the output matrix C, substitute  the equation for Ax (eq. (14)) in the 
equation for Ay (eq. (9)), yielding 

AY = C A - ~  A; - C A - ~ B  a u  + D AU 

When the  system  control  inputs are  held  fixed,  equation (19) becomes 

AY = C A - ~  A; 

Each element of CA-' is then approximated as 

where the state derivatives x. are  perturbed one at a time, as was done  in obtaining 
A-? 

J 

A steady-state output vector y is calculated. The state derivatives i at this 
steady-state point are therefore  zero. The first i is set to some  suitable value, A% 
with the rest of the 2 s held to  zero. A new output vector y* is calculated. The dif- 
ference between y* and y is the  vector Ay associated with this first Ai .  Each of 
the  other $1 s is then set to some  suitable value Ag one at a  time, with all  other if s 
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set to zero  each time. A new vector y* and a new vector Ay are calculated for each 
A i .  A matrix of these Ay column vectors is then  formed.  Each column vector is 
divided by the A i  that  produced it, thereby  forming  the CA-' matrix  approximated by 
equation (21). This matrix is then postmultiplied by A to obtain the C matrix. 

Solving equation (9) for  the  feed-forward  matrix D yields the  approximation 

where the system  control  inputs u. are perturbed, one at a time,  as  described in the 
following paragraph. 

J 

Two steady-state  vectors, x  (the state vector) and y  (the  output  vector), are cal- 
culated. The first system  control input u is changed by some  suitable value Au, with 
the  remainder of the u' s held to their  steady-state value. A new state  vector x* is 
calculated. And a new output vector y* is calculated. The difference between x* and 
x is the  vector Ax associated with this first Au. The difference between y* and y 
is the  vector Ay associated with this first Au. Each of the  other  u's is then per- 
turbed by some  suitable  value Au, one at a time, with all other ut s remaining  constant 
each  time. A new vector x* and a new vector Ax are calculated  for  each Au. A new 
vector y* and a new vector Ay are also  calculated  for  each Au. A matrix of the Ax 
column vectors is then formed, and each column vector is divided by the Au that pro- 
duced it. A matrix of the Ay column vectors is also  formed, and each column vector 
is again divided by the Au that produced it. By substituting  these two matrices in 
equation (22), we can solve  for D. 

Solutions for Reduced Forms of  A, B, Cy and D Matrices 

Once the  complete  linear model of the dynamic system is obtained, it may be de- 
sirable,  for certain reasons,  to  reduce  the complexity of the  linear  description.  For 
example, the eigenvalues of the full system  either may be beyond the  frequency  range of 
interest or may have little overall  effect on the  system dynamic characteristics.  This 
reduction can be done by several methods. 

By the method of Weinberg and Adams (ref. 7), equation (14) is rewritten in 
partitioned  form as 

10 



Ax 1= 
AX2 

where 

A;, 
" 

Af 
3 AU 
B2 

Axl 

Ax2 
Au 

A l l  

A21 

A22 

A12 
A 

B1 

B2 
n 

r 

C 

r-dimensioned part of state deviation vector 

(n-r)-dimensioned part of state deviation vector 

c- dimensioned system  control input deviation vector 

r- by r-dimensioned upper  left  partition of  A-' matrix 

r- by (n-r)-dimensioned  upper right  partition of A'l matrix 

(n-r)- by r-dimensioned  lower left partition of A-l matrix 

(n-r)- by (n-r)-dimensioned lower right partition of A-' matrix 

r- by c-dimensioned part of control input matrix 

(n-r)- by c-dimensioned part of control input matrix 

total  number of states 

number of states desired 

number of control  inputs 

Before  calculating  the  partitioned A matrix,  permute the order of the  Ax's and the 
A 

corresponding  Ax's, so that  the  Axf s to be retained are all included in  Axl. Those 
remaining make up the  elements of A%. The elements of Ax, are  assumed  to  be 
negligible in determining  the  system  transient  response. Hence, setting Ax, = 0 in 
equation (23) yields 

Ax1 = ill AGl - Pl lB1  + A12B2)Au 

or 

Ax, = AR Ax1 + BR Au 



where 

AR = (ill)-l 

and 

Note that it is necessary  to compute only the  upper left quadrant of the  A-l  matrix 
(the  r-by-r ill) and then to  invert it to obtain AR. The  quantity AllBl + &B2 
consists of the first r rows of the  A-lB  matrix  from equation (18). Thus, only the 
first r rows of -A-lB need to be  calculated.  These  rows are then premultiplied by  -AR 
to obtain BR. 

In solving for  a reduced C matrix and the D matrix used with the reduced A,  By and 
C matrices,  there is no simple  discarding of rows and columns. Starting with  equa- 
tion (23), if Ak2 is zero, then 

A% = i21 A i ,  - i2,B1 + i 2 2 B 2 ) A ~  ( 
Substituting  equations (25) and (27) into equation (29) yields 

The partitioned  form of equation (9) is 

where 

Ay 0- dimensioned output deviation vector 

Ax, r-dimensioned part of state deviation vector 

Ax2 (n-r)-dimensioned part of state deviation vector 

Au c-dimensioned system  control input deviation vector 

c1 0- by r-dimensioned part of output matrix 
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' C2 0- by  (n-?+dimensioned part of output matrix 

D 0- by c-dimensioned  feed-forward  matrix 

Equation (31) yields 

Ay = C1 Ax1 + C2 A 3  + DAu 

or 

Ay = CR Ax1 + DR Au 

where 

and 

(34) 

USERS  GUIDE 

Changes to DYNGEN 

The IBM 360/67 computer with TSS was  chosen  because of the  storage  size of the 
DYGABCD program.  Certain  changes  have been made in the  conversion of DYNGEN to 
DYGABCD for  accuracy and speed of calculation. All real  variables  are now double 
precision. Each convergence loop now uses a  convergence  criterion of TOLALL 
multiplied by some  constant,  where TOLALL is input in the  namelist  data as  before. 
Although the  number of passes through  some  loops  has been increased,  the  relationships 
among  the  loops  have been kept  constant, so that  the  accuracy of the  convergence criteria 
can be  increased. All BLOCK  DATA subroutines are combined into one subroutine with 
the named common COMMON/COMDAT/COMD(5423). All program  variables  are com- 
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bined  into one named common COMMON/COMALL/COM(lO62). Within each  subroutine, 
only those  variables  actually  referenced are equivalenced to  either COMD and/or COM, 
with one exception. In the main routine DYGABCD, each  variable  referenced anywhere 
in the  program is equivalenced, so that all may be  seen at a glance. 

The DYGABCD program  provides a maximum of 23 possible  derivative  variables 
for use in calculating the A and C matrices. The specific  number of possible  variables 
for any particular engine  depends on the configuration of that engine. In calculating  the 
B matrix, only two control  variables  are used. More parameters could be  chosen. In 
calculatiHg the C matrix, any variables  calculated  in  the  program, including the  states 
and/or inputs, may be used. Variables  that are both states and outputs are used in cal- 
culating  the D matrix. 

Minor changes  have been made in the main  routine DYGABCD and the  subroutines 
ENGBAL and PUTIN (underlined in the  listings)  to accommodate the addition of the A, 
B, C, and D matrix  calculations. An addition has been  made to function DERIV to allow 
either  the  original  calculations of  DYNGEN or the  calculations  necessary  for  the A 
and/or C matrices  to  be  performed. Since DISTRB was already a user-written subroutin 
in DYNGEN, the bulk of the A, B,  C, and D matrix  calculations are done in it. 

Method 

DYGABCD may be run exactly as DYNGEN if DYNGEN data are  used. It may also 
be  used  to  generate  the A, B, C, and D matrices when it is used with a  different set of 
data and a new subroutine DJSTRB that is modified by the  user. To use the A,  B, C, 
and D matrix  capability,  the following tasks  must  be  performed: 

(1) A steady-state point is run and the  resulting main fuel flow noted. This is the 
steady-state point about which the  small  perturbations  (generating A, B,  C, and D) will 
be made. When the A, B,  C, and D matrices  are  generated,  they will define  a linear 
model that is applicable  in  the  region of this  steady-state point. 

(2) A new run is made with the addition of one data  card  that  includes  the following 
parameters: MODE=2, WFB=(the steady-state value  noted previously in task l), 
ITRAN=l, and IAMTRX=l. 

IAMTRX is a new variable  that is input as 1 if the A,  B,  C, and D matrices are to 
be  calculated. The default  value is 0, which is the value when  DYGABCD is used as 
DYNGEN. If IAMTRX is 1, the  program runs a if pseudo-transient'' to  calculate  the A 
and C matrices, a set of steady-state  points  to  calculate  the B matrix, and a set of 
steady-state  points  plus  the C matrix  to  calculate  the D matrix. 

The term "pseud-transient" is used  to  describe  the following procedure:  since 
ITRAN = 1 on the  data  card in task 2, the  program runs in the  transient mode. How- 
ever,  during  every  time  step, when the  time index,  NSTEP, is increased by l in sub- 
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routine ENGINE, it is promptly  decreased by 1 back to 0 by the  next  statement, if 
IAMTRX is 1. This "fool the  program'?  pseudetransient is necessary to calculate  the 
A and C matrices in subroutine DISTRB. Just  before  calculating  the B and D matrices, 
which depend on a set of steady-state points, DISTRB sets ITRAN to 0. 

Changes to Subroutine DISTRB 

DATA statements and program  statements in subroutine DISTRB control  the cal- 

culations of the A,  B, C, and D matrices. DYGABCD provides a maximum of 23 pos- 
sible  time-varying state variables.  These  variables and their  original  order  are as 
follows: 

I List number 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15  
16 
17 
18 
19 
20 
21 
22 
23 

Jariable name 

XNHP 
XNIP 
XNLP 
P2 2 
u 2  2 
P2 1 
u 2  1 
P3 
u 3  
P4 
u4  
P50 
U50 
P5  
u 5  
P55 
u55 
P7 
u7 
P24 
U24 
P37 
u37 

The DATA statements and program  statements include parameters  that  describe  the 
particular  case  the  user  wishes to run. 
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INV 

INVRED 

IVARB 

INB 

BPER 

nUC 

NUCOM 

PVRDOT 

total  number of states possible  for  particular engine  being modeled, less 
than or equal to 23 

total  number of states actually  used in model (full or reduced), less than or 
equal to INV 

order in  which states are to be done (If this is a reduced model, the  states 
to  be included are listed  before  those not included. ) 

number of system  control inputs desired, less than or equal  to 5 

percent (BPER=. 02 means 2 percent)  (The  steady-state value of each input 
will  be  multiplied by this  percent  to  form  the Au of each input in order  to 
calculate  the B and D matrices. ) 

number of outputs desired, less than or equal to 50 

list of equivalenced ' t  COhlrf numbers of outputs desired (All of the equiva- 
lences are in the main routine DY GABCD. ) 

vector of percents  (PVRDOP. 02 means 2 percent)  in list number order 
(The steady-state value of each  state  will be multiplied by the  percent 
associated with that  state to form  the A 2  for  that  particular  state in order 
to  calculate  the A and C matrices. ) 

There is one other  necessary  parameter  that is set by a program  statement - 
ICHOIC. If ICHOIC is 0, subroutine DISTRB calculates  the A and C matrices by using 
the  percentages of the  states as set by the  initial conditions of the PVRDOT s. If 
ICHOIC is set to 1, the  percentages will be  calculated and reset by the  program  to  form 
an A-' matrix with no zero columns or rows. A run with ICHOIC set  to 1 should al- 
ways be made first to  find  values for  the PVRDOT's that do not result in an A-l  matrix 
containing any zero columns or rows. Obviously, an A-' matrix  that  has  zero columns 
or  rows cannot be  inverted. 

Subroutine DISTRB is programmed to use  inputs WFB (main fuel flow) and A8 
(nozzle area). However, more  and/or  other  inputs could be used. The number of inputs 
is limited  to 5, but that limit could be changed by the  user. 

A line-by-line study of subroutine DISTRB should  be made before  attempting  to 
make any runs other than the  sample  case.  Subroutine DISTRB includes many comment 
cards  that can  be helpful. The listing starts on page 98. 

Changes to Function DERIV 

Function DERIV has been changed so that, if IAMTRX=l, a  different set of state- 
ments is used.  These statements set all derivatives  to  zero  except for the  particular 
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Changes to Subroutine PUTIN 

Subroutine PUTIN has been changed so that it will accept one more  variable in the 
namelist DATAIN. This variable is IAMTRY  which is defaulted to  zero if DYGABCD 
is to be  used as DYNGEN and is set to 1 if DYGABCD is to  be  used  to  generate  the A, 
B,  C, and D matrices. 

Changes to Subroutine ENGBAL 

Two changes  have been made to subroutine ENGBAL. One change resets  the  time 
index if IAMTRX=l. This has been explained in the  section Method. The other change 
causes  subroutines DISTRB and COINLT to be called  during  the  steady-state  calcula- 
tions for  the B and D matrices if IAMTRX=l. If IAMTRX=O, subroutine ENGBAL be- 
haves in the  same  manner as it did in DYNGEN. 

Changes to Main Routine DYGABCD 

The routine DY GABCD sets the  default  value of  IAMTRX to  zero and initializes  the 
parameter IDOT to zero. IDOT is used  internally  in  subroutine DISTRB to  keep a 
record on the  states being  used to  generate  the A and C matrices and later  to keep  a 
record on the inputs  used in the  calculations for the B and D matrices. 

SAMPLE CASE 

The sample case is a two-spool, two-stream engine simulation  that  has a maximum 
of 16 states. The system  control inputs  used were WFB (main fuel flow)  and A8 (nozzle 
area). The outputs specified  were SFC (specific  fuel consumption), F G  (gross thrust), 
and F N  (net  thrust). 

A steady-state point was run and the main fuel flow was  noted to  be  2.75  lbm/sec. 
The data  card  for the A, B,  C, and D matrix  calculations was inserted. In subroutine 
DISTRB, the following parameters  were  set in DATA statements:  the  number of states 
possible for this engine (16), in INV, the  number of states for a  reduced model (9), 
in INVRED, the  order of states, in IVARB; the number of system  control  inputs (2), in 
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INB; the  percent  delta of the  inputs for  the  calculation of the  B and D matrices (0. O l ) ,  
in  BPER; the  number of outputs  (3), in INC; and the list of the  equivalemed "COIVpf 
numbers of the outputs, in NUCOM. Subroutine statements  were  as follows: ICHOIC 
was set to 1 so that  subroutine DISTRB  would calculate  the PVRDO'P s. These PVRDO'P s 
were  all  initialized  to 0.02. The A, B, C, and D matrices  generated  were  used to form 
a  linear model. 

Two transient runs were made using DYGABCD as DYNmN. The first run had a 
3-percent  step change in main fuel flow,  and the  other  had  a  3-percent  step change in 
nozzle  area. The results  from  these two full-state,  nonlinear  transients  were  the  time 
histories of the  states, inputs, and outputs. These  nonlinear  results  (squares on the 
graphs)  were  then  used as  the  standard  against which the  results  from  the  various runs 
using  the  linear model (circles on the  graphs)  were  plotted. 

Since one of the  state  eigenvalues was extremely  large, 15th order (instead of 16th) 
was the  largest  order  linear model  that  could be used  to  generate  time  responses. A 
run was made using  the  15th-order (full) linear model with a  3-percent  step  change in 
main  fuel flow. Another run was made using  a  second-order  (reduced)  linear model 
with the  same  step change. These two runs were then  repeated with a  3-percent  step 
change in nozzle  area. 

The responses of the  states and outputs from  these four linear  cases  are  compared 
with the  responses  from  the  nonlinear  cases in figures 1 to 19. The results of the full- 
order  linear runs and the  nonlinear runs for  the two step  inputs  are shown  in the  upper 
quadrants of each  figure. The agreement  is  very good. The reduced (low order)  linear 
runs and the  nonlinear runs for  the two step  inputs are shown  in the  lower  quadrants of 
each  figure.  Here, there  is  disagreement,  especially in the first 0 .1  second of the 
transient,  because  those  parameters  that  cause  the high-frequency  dynamics are miss- 
ing. 

The FORTRAN symbols  used are defined in appendix A. The program is listed in 
appendix B. Sample case input data and output are  listed in appendix C. 

CONCLUSIONS 

DYGABCD is a  computer  program  that  produces  the A, B,  C, and D matrices  from 
a  nonlinear,  generalized,  transient engine simulation.  These  matrices a r e  used to 
generate  a  linear model. The results  from  the  nonlinear  simulations and the  full-order 
linear  simulations show  good agreement. This method also  permits  reduced-order 
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"" ." .. . ._ . . .. , 

models  to  be  formed  that  produce  varying  degrees of agreement.  The method of cal- 
culating  these  matrices could be  applied to many other dynamic engine simulations. 

Leivis Research  Center, 
National  Aeronautics and Space  Administration, 

Cleveland, Ohio, April 21, 1978, 
505-05. 

19 



APPENDIX A 

FORTMN SYMBOLS 

An a s t e r i s k   d e n o t e s  t h a t  z;he v a r i a b l e   c a n  be i n p u t .  

A 24 c r o s s - s e c t b n a l   a r e a   a t   s t a t l o n  2 4 ,  m 2  ( f t 2 )  

A 25 c r o s s - s e c t i a n a l   a r e a  a t  s t a t i o n  25, m2 ( f t 2 )  

* A28 a r e a  of f a n   d u c t   n o z z l e   t h r o a t ,  s t 3 t i o n  2 8 ,  
m 2  ( f t 2 )  

A 2 8 S A V  s a v e d   a r e a   a f   f a n  d u c t  n o z z l e   t h r D a t ,  
s t a t i o n  28,  a t   d e s i g n   c o n d i t i o n s ,  mz ( f t 2 )  

A 29 c r o s s - s e c t i o n a l   a r e a  at s t a t i o n  2 9 ,  m z  (ft*) 

A 2 9 S A V  s a v e d   c r o s s - s e c t i o n a l   a r e a  a t  s t a t i o n  2 9  a t  
d e s i g n   c o n d i t i o n s ,  m *  ( f t 2 )  

* A38 a r e a  of wing  d u c t   n o z z l e   t h r o a t ,  s t a t i 3 n  3 8 ,  
m *  ( f t 2 )  

A39 c r o s s - s e c t i D n a l   a r e a   a t   s t a t i o n  39 ,  raz (ft*) 

A55 c r o s s - s e c t i a n a l   a r e a   a t   s t a t i o n  55, m 2  ( f t 2 )  

* A 6  c r o s s - s e c t i a n a l   a r e a  of a f t e r b u r n e r   O n t r a n c e ,  
s t a t i o n  6 ,  c a l c u l a t e d   f r o m  A M 6 ,  m 2  ( f t 2 )  

A7 c r o s s - s e c t i o n a l   a r e a   a t   s t a t i o n  7, m 2  ( f t 2 )  

* A8 area of main n o z z l e  throat, s t a t i o n  8,  ( c % n  b e  
changed a t  o f f - d e s i g c ) ,  w 2  ( f t z )  

A B S A V  s a v e d   a r e a  D f  m a i n   n o z z l e   t h r o a t ,   s t a t i o n  0 ,  a t  
d e s i g n  m n d i t i o n s ,  m* ( f t 2 )  

A9 c r o s s - s e c t i D n a l  area a t  s t a t i o n  9,  m 2  (ftz) 

A9SAV saved c r o s s - s e c t i o n a l   a r e a  a t  s t a t i o n  9 a t  
d e s i g n  c a n d i t i o n s ,  m 2  ( f t 2 )  

* APTFAN ( l o g i c a l )   c o n t r o l   f o r  an a f t - f a n   e n g i n s  

* ALTP a l t i t u d e  o f  a i r c r a f t ,  m ( f t )  
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* AIY 

* AM23 

AN25 

AM28 

AM29 

AM38 

AH39 

* A M 5 5  

* A M 6  

A M 6  DSV 

A M7 

A I48 

A M 9  

FLC 

BLDU 

8 LF 

ELHP 

B L i  

BLIP 

BLLP 

Hach   number  o f  a i r c r a f t  

X n p u t :   d e s i g n   R a c h   n u m b e r  o f  d u c t b u r n e r  

O u t p u t :   M a c h   n u m b e r  a t  s t a t i o n  2 3  
e n t r a n c e ,   s t a t i o n  23  

Mach n u m b e r  a t  s t a t i o n  2 5  

B a c h   n u m b e r  a t  s t a t i o n  28  

Mach  number  a t  s t a t i o n  29 

Mach number a t  s t a t i o n  38 

Mach  number a t  s t a t i o n  3 9  

I n p u t :   d e s i g n  Mach  number  a t  l o w - p r ; s s u r s -  

O u t p u t :  Mach n u m b e r  a t  s t a t i o n  55 
t u r b i n e   e x i t ,   s t a t i o n  55 

i n p u t :   d e s i y n  Mach n u m b e r  a t  a f t G c b u r n e r  

O u t p u t :  Mach n u m b e r  a t  s t a t i o n  6 
s n t r a n c e ,   s t a t i o n  6 

s a v e d  Mach   number  a t  a f t e r h u r n e r   e n t r a n c e  a t  
design c o n d i t i o n s ,   s t a t i o n  5 

Bach n u m b e r  a t  s t a t i o n  7 

M3ch n u m b e r  a t  s t a t i o n  8 

Mach  number at s t a t i o n  9 

b l e e d  flou 3 u t  o f  c o m p z e s s o r ,  k g / s ? c  (Ibm/sec) 

b l e e d  f l o w  i n t o   f a n  d u c t ,  k g / s e c  ( l b a / s e c )  

b l e e d  f l a w  o u t  of' f a n   ( d u m p e d  o v e r b o a r 3 ) ,  k g / s e c  
(1 bm/s ec) 

b l e e d  f low i n t o   h i g h - p r e s s u r e   t u r b i n 4 ,  k g / s e c  
(lbm/sec) 

a i r f l o w  i n t 3  t h i r d  stzmm, k g / s a c  (1brn/sec) 

b l e e d  f low into i n t e r m ~ d i a t e - p r ~ s s u r ~   Z u r b i n e ,  
k g / s e c  (lbm/sec) 

bleed flow i n t o   l o w - p r e s s u r e  t u r b i n z ,  k g / s e c  
(1 bm/sec) 
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BLOB b l e e d  flow lost o v e r b o a r d   ( c u s t o m e r  b l e e d ) ,  
k g / s e c  (lbm/sec) 

B P B I N T  ratio 3f a i r f l o w   i n t o  wing d u c t  t o  a i r f low into 
core 

BYPASS r a t i o  of a i r f l o w   i n t o   f a n   d u c t  t o  l i r f l o w  i n t o  
i n t e r m e d i l t e  compressor 

CNC corrected s h a f t  s p e e d  of  core c o m p r e s s o r  

CEiF corrected s h a f t  s p e e d  of f a n   c o m p r e s s o r  

CNHP corrected s h s f t   s p e e d  of h i g h - p r e s s u r e   t u r b i n e  

C N H P C F  c o r r e c t i o n   f a c t m  o f  h i g h - p r e s s u r s - t u r b i n e  
corrected s p e e d  

* CNHPDS d e s i g n   c o r r e c t e d  speed of h i g h - p r e s s u r e   t u r b i n e  

C N I  corrected s h a f t  s p e e d  of i n t e r m e d i 3 t e   c o m p r e s s 3 r  

CNIP correc ted  s h a f t  s p e G d  of i n t e r m o d i s t e - p r e s s u r e  
t u r b i n e  

CNIPCP c o r r e c t i o n  f 3 C t 3 r  of i n t e r m e d i a t e - p r e s s u r o -  
t u r b i n e  cDrrected s p e E d  

* C N I P D S  d e s i g n  c o r r e c t e a  s p e e d  of  i n t e r m e d i a t e - p r e s s u r e  
t u r b i n p  

C N L F  cor rec ted  s h a f t  speed of l o w - p r e s s u r e   t u r b i n e  

C N L P C F  co r rec t ioh  f a c t 3 r  of l o u - p r e s s u r e   t u r b i n e  
corrected s p e e d  

* CNLPDS d 5 s i g n  c o r r e c t s d  s p e e d  of l o w - p r e s s u r e  t u r b i n e  

c s  a m h i E - n t  s p e a 3  of s o u n d ,  m/sec ( f t / s ec )  

* C V D N O Z  v e l o c i t y   c o e f f i c i e n t  of d u c t  nozzle t h r u s t  

* C V D W N G  v e l o c i t y   c o e f f i c i e n t  of w i n g  n o z z l 2  t h r u s t  

* CVMNOZ v e l o c i t y   c o s f f i z i ~ n t  of core n o z z l a  t h r u s t  

* DELFG q r o s s - t h r u s t  d e l t a  d e g r a d a t i o n   m u l t i p l i e r  

*. DELPN n e t - t h r u t  J s l t a  d e g r a d a t i o n   m u l t i p l i e r  

22 



* DELSFC 

* D E L T l  

DHHPCF 

D H I P C F  

DHLPCF 

DHTC 

DHTCHP 

DHTC IP 

DHTCLP 

DHTF 

D H T I  

* DPAFDS 

DPAPT 

* DPCODS 

DPCOM 

DPDUC 

* D P D U D S  

* DPWGDS 

D P W I N G  

* DT 

* DTPRNT 

specific-fuel-consumption d e l t a  d e 7 r a d a t i o n  
m u l t i p l i e r  

m r r e c t i o n  t o  s t a n d a r d - d a y   t e m p a r a t u r e ,  K ( O R )  

A e n t h 3 l p y   c o r r e c t i o n  f a c t o r  o f  
h i g h - p r e s s u r e   t u r b i n e  

A e n t h a l p y   c o r r e c t i o n  f a c t o r  o f  
i n t e r m e d i a t e - p r e s s u r e   t u r b i n e  

A e n t h a l p y   c o r r e c t i o n  f a c t o r  o f  
l o w - p r e s s u r e   t u r b i n e  

w o r k  d o n e  by h i g h - p r e s s u r e   t u r b i n s ,   J / k g  
( B t u / l  but) 

e n t h a l p y   c h a n g e  of h i g h - p r e s s u r e  t u r b i n e ,  
t e m p e r a t u r e  CDrrected, J / k q - K  ( B t u / l b m - o S )  

e n t h a i p y   c h a n g e  of i n t e r m e d i a t e - p r e s s u r e   t u r b i n e ,  
t e m p e r a t u r e  correctF?d, J/kg-K ( B t u / l b r n - o F )  

e n t h a l p y   c h a n g e  of l o w - p r e s s u r e  t u r b i n e ,  
t e m p a r a t u r s   c o r r e c t e d ,  J/kg-K (Btu/ lbm-OR) 

work d o n e  b y  l o w - p r e s s u r e   t u r b i n e ,  J / k g  ( B t u / l b m )  

w o r k  dane by i n t e r m e d i a t e - p r e s s u r 2   t u r b i n e ,  J/kg 
( B t u / i b m )  

d e s i g n   p r e s s u r e  d r o p  ( A P / P )  of afterburner 

p r e s s u r e   d r o p   ( A P / P )  of a f t e r b u r n e r  

d e s i g n  pressure d r o p  (AP/P) of c o r e b u s t D r  

p r e s s u r e  d r D p  (AP/P) of combustor  

p r e s s u r e   d r D p   ( A P / P )  of f a n  d u c t  

d e s i g n   p r e s s u r e  d r o p  (AP/P) of f a n  d u c t  

d e s i g n   p r e s s u r e   d r o p   ( A P / P )  of wing d u c t  

p r e s s u r e   d r o p  ( A P / P )  of wing  d u c t  

s o l u t i o n  t i n e  s t e p  f o r  t r a n s i e n t ,  s e c  

time s t e p  f D r  o u t p u t   l i s t i n g s ,  sec 
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D U M D l ( l 5 )  dummy v a r i a b l e s  

* DUMSPL 

E R R E R  

* hTAB 

* ETAADS 
ETAASV 

ETAB 

ETABCF 

* ETABDS 

ETA C 

ETACCF 

* ETACDS 

* ETAD 

ETA F 

ETAFCF 

* ETAFDS 

E T A 1  

E T A I C F  

* ETAIDS 

* ETAR 

ETAT HP 

E T A T I P  

ETATLP 

24 

( l o g i c a l )   c o n t r o l  f o r  s p o o l   t h a t   d D e s   n o t   c h a n g e  
t e m p e r a t u r e  o r  p r e s s u r e  of a i r  

( l o g i c a l )  t e s t  o f  e x c e e d i n g  ITFYS 

e f f i c i e n c y  o f  a f t e r b u r n e r  

d e s i g n   e f f i c i e n c y  o f  a f t e r b u r n e r  

s a v e d   e f f i c i e n c y  of a f t s r h u r n e r  a t  d e s i q n  
c o n d i t i o n s  

e f f i c i e n c y  of  c a m b u s t o r  

cor rsc t ion  f s c t o r  of c o m b u s t o r   e f f i c i . e n c y  

d e s i g n   e f f i c i e n c y  of c o m b u s t o r  

a d i a b a t i c  e f f i c i e n c y  of core compr2ssor  

c o r r e c t i o n  f a c t o r  o f   c o r e c o m p r e s s ~ r   e f f i c i e n c y  

d e s i g n   a d i a h 3 t i . c   e f f i c i e n c y  o f  cor?  c o m p r e s s o r  

e f f i c i 2 n c y  of  d u c t b u r n e r  

a d i a b a t i c  e f f i c i c n c y  of f a n   c o m p r s s s o r  

c o r r k c t i o n  f 3 c t a r  of f a n -   C o m p r P s s o r   e f f i c i e n c y  

d e s i g n   a d i a b a t i c   e f f i c i e n c y  o f  f a n   c o m p r e s s o r  

a d i s b a t i c   e f f i c i - . n c y  of  i n t e r m s d i a t e   c o m p r e s s o r  

c o r r e c t i o n  f 3 c t o r  of i n t e r m e d i a t e -  zomp- A eSSGf 
e f f i c i e n c y  

d e s i g n  a d i a b a t i c  e f f i c i e n c y  of i n t e r m e d i a t e  
c o m p r e s s o r  

p r e s s u r e   r e c o v e r y  of i n l e t  ( r a m  r e c o v e r y )  I 
P 2 / P 1  

a d l a b a t i c  e f f i c i e n c y  of h i g h - p r 2 s s u r e   - t u r h i n E  

a d i a b a t i c  e f f i c i e n c y  o f  l n t e r m e d h t e - p r e s s u r e  
t u r b i n e  

a d i a b a t i c  e f f i c i e n c y  of l o w - p r e s s u r a   t u r b i n e  



i 
ETHPCF c o r r e c t i o n  f a c t o r  of h i g h - p r e s s u r e -   t u r b i n e  

e f f  i c i e n c p  

* ETHPDS d e s i g n  a d i a b a t i c  e f f i c i e n c y  of h i g h - p r e s s u r e  
t u r b i n e  

ETIPCF c o r r e c t i o n  f ac to r  of i n t e r n e d i a t c +   p r e s s u r e  
t u r b i n e   e f f i c i e n c y  

* a T I P D S  d e s i g n  a d i a b a t i c  e f f i c i e n c y  of 
i n t e r m e d i s t e - p r e s s u r e   t u r b i n e  

ETLPCP c o r r e c t i o n   f a c t o r  of 1 o u - p r e s s u r e - t u r b i n e  
e f f i c i e n c v  

* ETLPDS d e s i g n  a d i a b a t i c  e f f i c i e n c y  of l o w - p r e s s u r e  
t u r b i n e  

* FAN ( l o g i c s l )  c o n t r o l  t h a t   i n d i c a t e s   f s n  or  t u r b o j e t  

FAR24 f u e l - t o - a i r  r a t i o  a t  s t a t i o n  2 4  

FAR4 f u e l - t o - a i r  r a t i o  a t  s t a t i o n  4 

FAR 5 f u e l - t o - a i r  r a t i o  at s t a t i o n  5 

FAR50 f u e l - t o - a i r  ratio  at s t a t i o n  5 0  

PAR55 fuel-to-air r a t i o  a t  s t a t i o n  55 

F AE7 f u e l - t o - a i r  r a t i o  a t  s t a t i o n  7 

FAR7SV s a v e d  f u e l - t o - a i r   r a t i o  a t  s t a t i o n  7 a t  d e s i g n  
c o n d i t i o n s  

F C O V F N  r a t i o  of c3re  t h r u s t  t o  ne t  t h r u s t  

FFOVFN r a t i o  of f a n   t h r u s t  t o  n e t  t h r u s t  

F GM m o m e ~ t u m  t h i - u s e  of a l l  b u t  w i n g ,  N ( l h f )  

PGMD fan duc t .  momentum t h r u s t  of a l l  b u t  w i n g ,  N ( l b f )  

FGMM core n D z z l e   m o m e n t u m  thrust- of  a l l  b u %   w i n g ,  
N ( l b f )  

FGMWNG momentum t h r u s t  of w i n g ,  N (lbf) 
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FGP p r e s s u r e   t h r u s t  of a l l  b u t  wing, N ( l b f )  

FCPD f a n   d u c t  pressure t h r u s t  of a l l  b u t  w i n g ,  N (lbf) 

FGP H core n o z z l e  p r e s s u r e   t h r u s t  of a l l  b u t  wing, 
N ( l b f )  

PGPWNG p r e s s u r e   t h r u s t  of wing, N ( l b f )  

FflNOFN r a t i o  D €  f a n  p l u s  core t h r u s t  to n e t   t h r u s t  

F N  net t h r u s t ,  N (lbf) 

F N M A I N  n e t   t h r u s t  of all b u t  wing, N ( I b f )  

FNOVFD r a t i o  of n e t   t h r u s t  t o  d e s i g n - p D i n t   n e t  t h r u s t  

P N W I N G  n e t  t h r u s t  of wing, N (lbf) 

F RD ram drag, N (lbf) 

PWOVFN r a t i o  o f  n e t  wing  t h r u s t  t o  n e t   t h r u s t  

* FXFNZfl ( l o g i c 3 1 )  control f o r  boos ted  f a n  

* PXM2CP 

H1 

H2 

H21 

H 22 

H23 

824 

H25 

H28 

H 29 

H3 

H 38 

H39 

( l o g i c a l )  control for s u p e r c h a r g e d  compressor 

e n t h a l p y  a t  s t a t i o n  1, J/kg ( B t u / l b m )  

e n t h a l p y  a t  s t a t i o n  2, J /kg  ( B t u / l b m )  

e n t h a l p y  a t  s t a t i o n  21, J / k g  (Btu/Lbm) 

e n t h a l p y  a t  s t a t i o n  22 ,  J/kg (Btu /Lbm) 

e n t h a l p y  a t  s t a t i o n  23, J/kg ( B t u / l b m )  

e n t h a l p y  a t  s t a t i o n  24, J/kg ( B t u / l , b m )  

e n t h a l p y  a t  s t a t i o n  25, J/kg ( B t u l l b m )  

e n t h a l p y  a t  s t a t i o n  28, J/kg (Btu /Lbm) 

e n t h a l p y  a t  s t a t i o n  29,  J/kg ( B t u / l b n )  

e n t h a l p y  a t  s t a t i o n  3 ,  J/kg (Btu /Lbm) 

e n t h a l p y  a t  s t a t i o n  3 8 ,  J/kg ( B t u / l b m )  

e n t h a l p y  a t  s t a t i o n  39, J/kg ( B t u / l b m )  
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84 e n t h a l p y  a t  s t a t i o n  4, J / k g   ( B t u / l b m )  

H5 e n t h a l p y  a t  s t a t i o n  5, J / k g   ( B t u f l b m )  

H50 e n t h a l p y  a t  s t a t i o n  50, J / k g   ( B t u / l b a )  

H55 e n t h a l p y  a t  s t a t i o n  55, J / k g   ( B t u / l b a )  

H6 e n t h a l p y  a t  s t a t i o n  6 ,  J / k g   ( B t u / l b n )  

Hi’ e n t h a l p y  a t  s t a t i o n  7,  J / k g  ( B t u / l b m )  

H 8  e n t h a l p y  a t  s t a t i o n  8, J / k g   ( B t u / l b m )  

A9 e n t h a l p y  a t  s t a t i o n  9 ,  J/kg ( B t u / l b m )  

* HPEXT p o w e r   e x t r a c t e d ,  W ( h p )  

* I A F T B N  i n d e x   f o r   a f t e r b u r n i n g  d e s i r e d ;  ze roes  
a u t o m a t i c a l l y ;   v a l u e s  of 0, 1, or 2 

* IAMTP i n d e x  f o r  r3m o r  i n l e t   o p e r a t i o n  d e s i r e d ;  v a l u e s  
of  0 t o  5 

* IAHTRX i n d e x  t h a t  i n d i c a t e s  i f  A,B,C, a n d  D matrices 
a r e  t o  b e  c a l c u l a t e d  

ICOAFB i n d e x  o f  error i n   s u b r o u t i n e  COAFBH 

ICODUC i n d e x  o f  e r r o r   i n   s u b r o u t i n e  CODUCF 

ICOPlIX i n d e x  of  e r r o r   i n   s u b r o u t i n e  C O M I X  

* I D B U R N  i n d e x  for d u c t  b u r n i n g  d e s i r e d ;  ze roes  
a u t o m a t i c a l l y ;   v a l u e s  of 0 ,  1, or 2 

* I D C D  d u c t   n o z z l e   c o n v e r g e n t - d i v e r g e n t   w h e n   v a l u e = l ;  
c o n v e r g e n t   w h e n   v a l u e = @  

* I D E S  i n d e x  f o r  d e s i g n   p o i n t ;  z e roes  a u t 2 n a t i c a l l p ;  
m u s t  b e  set  t o  1 t o  d e s i g n   e n g i n 2  

* I D U M P  i n d e x  f o r  d u m p i n g  of e r ror  m a t r i x ;   v a l u e s  of 0, 
1, or  2 

* I G A S H X  i n d e x  f o r  mixed o r  no-mixed  flow t u r b o f a n s ;  
v a l u e s  of -1, 0 ,  1, or 2 

* IMCD m a i n   n o z z l e   c o n v e r g e n t - d i v e r g e n t   w h e n   v a l u e = l ;  
c o n v e r g e n t   w h e n   v a l u e = @  

27 



* X N I T  i n d e x  f 3 r  i n i t i a l i z i n g   g u e s s e s ;  zeroes 
a u t o m a t i c a l l y :  0 c a l l s  GUESS, 1 aoes not 

* ISPOOL 

* ITRAN 

* ITRYS 

J T R A N  

LOOPER 

* MODE 

* NOZFLT 

P 1  

* P 2  

P21 

P22 

P23 

P24 

P 25 

P28 

P29 

P 3  

P 37 

P 3 8  

P 39 

P 4  

P5 

nuinber o f  e n g i n e  r o t o r s  

i n d e x  f o r   i n i t i a t i n g   t r a n s i e n t  

maximum number o f  i t e r a t i o n s  a l lowed t h r o u g h  
enqine c o u n t e r  

i n d e x  t h a t  i n d i c a t e s  a t r a n s i e n t  i s  i n  progress 

number of l o o p s  t h r o u g h   e n g i n e  counter  

i n d e x  f o r  f l o a t i n g   m a i n  or d u c t  nozz le :  zeroes 
a u t o m a t i c a l l y ;   v a l u e s  of 0 t o  3 

s t a n d a r d   p r a s s u f e ,  N / m 2  (atm) 

t o t a l  p r e s s u r e   a t   s t a t i o n  2,  # / m 2  (atm) 

t o t a l  p re s su re  a t  s t a t i o n  21, N / m 2  (atm) 

t o t a l  p r e s s u r e  a i  s t a t i o n  22, N / m 2  (atm) 

t o t a l  p r e s s u r e   a t   s t a t i o n  23,  N / m *  (at .n) 

t o t a l  p re s su re  a t  s t a t i o n  2 4 ,  N / 0 2  (a tm) 

t o t a l  p ressure  a t  s t a t i o n  2 5 ,  N / m 2  (a tm) 

total p r e s s u r e  a t  s t a t i o n  28 ,  N / m 2  (atm) 

t o t a l  p ressure  a t  s t a t i o n  29, N / m 2  (a tm) 

t o t a l  pressure a t   s t a t i o n  3, N / m 2  (atm) 

t o t a l  pressure a t   s t a % i o n  37,  N/m* (atm) 

t o t a l  pressure a t   s t a t i o n  3 8 ,  N / m *  (atm) 

t o t a l  pressure a t  s t a t i o n  3 9 ,  N / m 2  (atm) 

t o t a l  pressure a t   s t a t i o n  4, N/m* (atm) 

t o t a l  p r e s s u r e  a t  s t a t i o n  5 ,  N / m 2  (atm) 
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P 5 0  t o t a l  p r e s s u r e  a t  s t a t i o n  50, N / m 2  (atm) 

P55 t o t a l  p r e s s u r e  a t  s t a t i o n  55, N / m *  (atm) 

P6 t o t a l  pressure a t  s t a t i o n  6, N / m 2  ( a t m )  

P6DSAV s a v e d   t o t a l   p r e s s u r e  a t  s t a t i o n  6 s t  d s s i g n  
c o n d i t i o n s ,  N/m* (atm) 

P7 t o t a l  p r e s s u r e  a t  s t a t i o n  7 ,  N / m 2  (atm) 

P 8  t o t a l  p r e s s u r e  a t  s t a t i o n  8,  N / m *  (a tm) 

P9 t o t a l  p r e s s u r e  a t  s t a t i o n  9 ,  N / m *  (s tm)  

* PCBLC r a t i o  of c o m p r e s s o r   b l e e d  to coo l  t u r b i n e s  t o  
t o t a l  c o m p r e s s o r  a i r f l o w  

* PCBLDU r a t i o  of c o m p r e s s o r  b l e e d  l e a k e d  i n t o  € a n   d u c t  t3 
t o t a l  c o m p r e s s o r  b l e e d  flow 

* PCBLF r a t i o  D f  h l e s d  from f a n   c o m p r e s s o r  t o  f a n  a i r f l o w  
dumped o v e r b o a r d  ( i . e .  , l e a k a g e )  

* 'PCBLHP f r a c t i o n  of PCEiLc u s e d   i n   h i g h - p r e s s u r e   t u r b i n e  
for c o o l i n g  

* P C B L I  f r a c t i D n  of i n t e r m e d i a t e  compressor air t h a t  
g o e s   i n t o  t h i r d  stream 

* PCBLID r a t i o  3f d e s i g n   v a l u e  of a i r  i n t o  wing t o  a i r  
i n t o  core; z e r o  €or two-stream e n g i n e  

* PCBLIP f r a c t i o n  of P C B L C  u s a d   i n   i n t e r m e d i a t e - p r e s s u r ?  
t u r b i n e  f o r  c o o l i n g  

* PCBLLP f r a c t i o n  o f  PCBL:: u s e d   i n   l o v - p r e s s u r e   t u r b i n e  
f o r  c o o l i n g  

* PCBLOB f r a c t i o n  o f  b l e e d  a i r  o u t  of c o m p r e s s o r  l o s t  
o v e r b o a r d  (for c u s t o m e r  use) 

* PCNC s h a f t  sp'eed of  core c o m p r e s s o r  a s  f p e r c e n t  o f  
d e s i g n  

* PCNCDS d e s i g n  corrected s p e e d  of core c o r n p r e s s o r  as  a 
p e r c e n t  of d e s i g n  

PCNCGU g u e s s e d  s h a f t  s p e e d  of core c o m p r e s s o r  a s  a 
p e r c e n t  o f  d e s i g n  
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* PCNP 

* PCNPDS 

2CN FGU 

* PCNI 

* PCNIDS 

PCY IGU 

* PMIHP 

* PMIIP 

* PMILP 

P RC 

PRCCF 

* PRCDS 

PRF 

PBFCP 

* PRFDS 

P R I  

P B I C F  

* P R I D S  

PS28 

PS29 

30 

s h a t t  s p e e d  of  f a n   c o m p r e s s o r  a s  3 p c r c e n t .  of 
d e s i g n  

d e s i g n   c o r r e c t e d  s p e e d  of f a n   c o m p z e s s 3 r  a s  a 
p e r c e n t  of d e s i g n  

g u e s s e d   s h a f t  s p e e d  of  f a n  c o m p r e s s o r  as a 
p e r c e n t  o f  d e s i g n  

s h a f t  s p e ~ i l  of intermediate c o m p r e s s o r  a s  a 
percent of  d t ; s i q n  

d e s i g n   c o r r a c t e d  s p e e d  of i n t e r m E d i a t e   c o m p r e s s o r  
a s  a p e r c f n t  o f  d e s i g n  

g u s s s e d  s h a f t  s p e e d  of i n t e r m s d i a t e   c o m p r e s s o r  
a s  a p e r c g n t  o f  d e s i g n  

p 3 l a r  moment of i n e r t i a  o f  h i g h - p r . s s u r e  m tDr ,  
kg-m2 ( s l u g - f t  2 ,  

polsr  moment of i n e r t i a   o f   i n t e r m E d i a t 9 - p r e s s u r e  
rot-or, kg-m* ( s l u q - f t 2 )  

p o l a r   n o m e n t  of i n e r t i a  cf l o w - p r s s s u r s  ro t t3r ,  
ky-mz ( s l u q - f t 2 )  

p r e s s u r e  r a t i o  of core c o m p r e s s o r  

c o r r e c t i o n   f a c t o r  of c o r e - c o m p r -  nss3r 
p r E s s u r e  r a t i o  

d e s i g n   p r e s s u r e   r a t i o  of core c o n p r e s s 3 r  

p r e s s u r e   r a t i o  o f  f a n   c o m p r E s s o r  

correct ior ,  f actDr of f a n - c o m p r e s s o r  
p r e s s u r e   r a t i o  

d e s i g n   p r e s s u r e  r a t i o  of f a n  c o m p r e s s o r  

p r e s s u r e  r a t i o  o f  i n t e r m e d i a t e   c o m p r e s s o r  

c o r r e c t i o n   f a c t o r  of i n t e r m e d i a t e - c o m p r e s s o r  
p r e s s u r e   r a t i o  

d e s i q n  p r s s s u r e  r a t i o  of i n t e r m e d i a t e   c o m p r e s s o r  

s i a t i c  p r e s s u r s  a t  s t a t i o n  28, N/m2 (atm) 

s t a t i c  p r e s s u r e  at s t a t i c n  29, N / m 2  (a tm) 



I' 

PS38 

PS39 

* PS55 

PS6 

P s7 

PS8 

PS9 

s 1  

s2 

5 2 1  

s22 

5 2 3  

S 24 

S 25 

S28 

529 

s3 

s4 

s5 

S50  

s55 

S 6  

s7 

S8 

s 9  

s t a t i c  p r e s s u r e  a t  s t a t i o n  3 8 ,  N / m *  (atm) 

s t a t i c  p r e s s u r e  a t  s t a t i o n  39 ,  Y / m 2  (atm) 

I n p u t :  s t a t i c  p r e s s u r e  a t  l o w - p r e s s u r e - t u , r b i n e  

O u t p u t :  s t a t i c  p r e s s u r e  a t  s t a t i o n  55 ,  N/m* (atm) 
exit, s t a t i o n  55, N/mz (atm) 

s t a t i c  p r e s s u r e  a t  s t a t i o n  6, N/m* (atm) 

s t a e i c  p r e s s u r e  a t  s t a t i o n  7 ,  N/m* (atm) 

s t a t i c  p r e s s u r e  a t  s t a t i o n  8, N/m* (a tm) 

s t a t i c  p r e s s u r e  a t  s t a t i o n  9 ,  N/m2 (atm) 

e n t r o p y  a t  s t a t i o n  1,  J/kg-K (Btu/Lbm-OR) 

e n t r o p y  a t  s t a t i o n  2, J/kq-K (Rtu / lbm-OR)  

e n t r o p y  a t   s t a t i o n  2 1 ,  J/kq-K ( B t u l l b m - O R )  

e n t r o p y  a t  s t a t i o n   2 2 ,  J/kg-K ( B t u l l b m - O R )  

e n t r o p y  a t  s e a t i o n   2 3 ,  J/kg-K (B tu / lbm-OR)  

e n t r o p y  a t  s t a t i o n  24, J/kg-K (Btu / lbm-OR)  

e n t r o p y  a t  s t a t i o n  25, J/kg-K (B tu / lbm-OR)  

e n t r o p y  a t  s t a t i o n  2 8 ,  J/kg-K ( B t u / l b m - o S )  

e n t r o p y  a t  s t a t i o n   2 9 ,  J / k g - K  (B tu / lbm-OR)  

e n t r o p y  a t  s t a t i o n  3 ,  J/kg-K (Btu / lbm-OR)  

e n t r o p y  a t  s t a t i o n  4, J/kg-K (Btu/Lbm-OR) 

e n t r o p y  a t  s t a % i o n  5 ,  J/kg-K (Btu/Lbm-oi?)  

e n t r o p y  a t  s t a t i o n  5 0 ,  J/kg-K (Btu / lhm-OR)  

e n t r o p y  a t  s t a t i o n  55, J/kg-K (B tu / lhm-OR)  

e n t r o p y  a t  s t a t i o n  6 ,  J/kg-K ( B t u / l b m - o R )  

e n t r o p y  a t  s t a t i o n  7, J/kg-K (R tu / lbm-oR)  

e n t r o p y  a t  s t a t i o n  8 ,  J/kg-K (Btu/Lbm-OR) 

e n t r o p y  a t  s t a t i o n  9, J/kg-K (B%u/Lbm-oR) 
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SFC 

* SI 

T1 

* T2 

T21 

T 2 1 D S  

T 2 2  

T22DS 

T 2 3  

* T 2 4  

T25 

T 28 

T 2  9 

T2DS 

T3 

T38 

T 3  9 

* T 4  

* T4DS 

T4G U 

s p e c i f i c  fue l  consumpt ion ,  k g / N - h r  ( l b m / l h f - h r )  

( l o g i c a l )   c o n t r o l  for S I  o r  U.S. cus tomary  
( E n g l i s h )  units 

s t a n d a r d   t e m p e r a t u r e ,   s t a t i o n  1 ,  K ( O R )  

I n p u t :  t o t 3 1   t s m p e r a t u r e  a t  far! i n l e t ,  

O u t p u t :  t o t a l   t e m p e r a t u r e   a t   s t a t i 3 n  2, K ( O R )  

t o t a l  temperature a t   s t a t i o n  21, K ( O R )  

s t a t i o n  2, K (OR) 

t o t a l   t e m p e r a t u r e   a t   i n t e r m e d i a t e - c o m p r e s s o r  
e x i t  a t   d e s i g n   c o n d i t i o n s ,   s t a t i 3 n  21, K ( O R )  

t o t a l   t e m p e r a t u r e   a t   s t a t i o n  22, K ( O R )  

d e s i g o   t o t a l   t e m p e r a t u r e   a t   f a n   e x i t ,   s t a t i o n  2 2 ,  
K (OR) 

t o t a l   t e m p e r a t u r e   a t   s t a t i o n  238 K ( O R )  

I n p u t :  t o t s 1   t e m p e r a t u r e   a t  d u c t b u r n e r  e x i t ,  

O u t p u t :  t o t a l   t e m p a r a t u r e  a t  s t a t i 3 n  24,  K ( O R )  
s t a t i o n  24 ,  K (OR) 

t o t a l   t c m p e r 3 t u r e   a t   s t a t i o n  2 5 ,  K ( O R )  

t o t a l   t e m p e r a t u r e   a t   s t s t i o n  2 8 ,  K ( O F )  

t o t a l   t e m F e r a t u r s   a t   s t a t i o n  2 9 ,  K ( O R )  

design total t empEra tu re  a t  f a r .   i n l e t ,   s t a t . i o n  2, 
K ( O R )  

t o t a l   t a m p e r a t u r e   a t   s t a t i o n  3 0 ,  K ( O F )  

t o t a l   t e m p s r a t u r e   a t   s t a t i o n  39, K ( O R )  

I n p u t :  t o t 3 1   t e m p e r a t u r e  a t  combustor 8xit, 

O u t p u t :  t o t a l   t e m p e r a t u r e  at s t a t i o n  4, K ( O ? )  

s t a t i o n  4 ,  K ( O R )  

g u e s s e d   t o t a l   t e n p e r a t u r c  a t  s t a t i o n  4, K (Or;) 
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T5 t o t a l  t e m p e r a t u r e  a t  s t a t i o n  5 ,  K ( O R )  

T50 t o t a l  t e m p e r a t u r e  a t  s t a t i o n  50, K (OF1 

T55 t o t a l  t e m p e r a t u r ( 2  a t  s t a t i o n  5 5 ,  K (OR) 

T 6  t o t a l  t e m p e r a t u r e  a t  s t s t i o n  6 ,  K ( O R )  

* T7 I n p u t :  t o t 3 1  t 2 m p e r a t u r e  a t  a f t e r b u r n e r   e x i t ,  

O u t p u t :  t o t a l  t e m p e r a t u r e  a t  s t a t i 3 n  7 ,  K ( O R )  
s t a t i o n  7 ,  K ( O R )  

* T7DS d e s i g n  t o t a l  t e m p e r a t u r e  a t  a f t e r b u r n e r   e x i t ,  
s t a t i o n  7 ,  K ( O P )  

T 8  t o t a l  t e m p e r a t u r e  a t  s t a t i o n  8 ,  K ( O R )  

T9 t o t a l  t e m p e r a t u r e  a t  s t a t i o n  9 ,  K ( O 2 )  

* T F  f i n a l  t ime f o r  t r a n s i e n t ,  sec  

TFAR t o t a l  f u e l - t o - a i r  r a t i o  

TFFHP flow f u n c t l D n  of  h i g h - p r e s s u r e   t u r b i n e ,  
kg-fi-m2/N-sec ( l b r n - & - i n 2 / 1 b f - ~ e c )  

T F F I P  flow f u n z t i o r ,  of i n t e r m e d i a t e - p r e s s u r e   t u r b i c e ,  
kg-fi-mz/N-sec ( l b m - ~ - i r , 2 / l h f - s e c )  

T P F L P  flow f u n c t i o n  of l o u - p r e s s u r e  t u r b F n e ,  
kq- f i -mz/N-sec  ( l b m - m - i n * / l b f - ~ z c )  

TFHPCF c o r r e c t i o n  f s c t o r  of h i q h - p r p s s u r e  t u r b i n e  f l o u  
f u n c t i o n  

* TPHPDS d e s i g n  f low f u n c t i o r !  o f  h i g h - p r 2 s s u r e   ' : u z b i n e ,  
k y - . - m z / N - s e c  ( l b r n - f i - i n z / l b f - s e c )  

T P I P C P  correction f a c t o r  of i n t ~ r m e d i a t e - p r e s s u r g  
L u r b i n e  flow f u n c z i o n  

* TPIPDS design f i o u  f u n c t i o n  of i n t e r m F i d i a t e - p r e s s u r e  
t u r b i n e ,   k g - , - m z / N - s e c  ( l h m - m -  i r A 2 / l b f - s e c )  

TPLPCF c o r r e c t i o E  f a c t o r  o f  l o w - p r e s s u r e   t u r b i n e  flow 
f u n c t i o n  

* TFLPDS d o s i g r .  flow f u ~ c t l o n  of  l o w - p r e s s u r e  t u r b i . D e ,  
kg-Ji?-mZ/N-sec (lbm-$%-ir~/lbf-sec) 
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TIME 

* TOLALL 

TS28 

TS29 

TS38 

TS39 

TS7 

TS8 

TS9 

u2 1 

u 22 

u24 

u 3  

u37 

u 4  

u5 

us0 

IJ 5.5 

u7 

V2 5 

v 28 
V29 

V 38 

v39 

v55 

V6 

time, sec  

t o l e r a n c e  on conve rgence  

s t a t i c  t e m p e r a t u r E  at. s t a t i o n  28, K ( O R )  

s t a t i c   t e m p e r a t u r e   a t   s t a t i o n  2 9 ,  K ( O R )  

s t a t i c   t e m p e r a t u r e   a t   s t a t i o n  38, K ( O R )  

s t a t i c   t e m p e r a t u r e   a t   s t a t i o n  3 3 ,  K ( O R )  

s t a t i c  t e m p E r a t u r e  a %  s t a t i o n  7, K ( O R )  

s t a t i c  temperature a t   s t a t i o n  8 ,  K ( O R )  

s t a t i c   t e m p e r a t u r e   a t   s t a t i o n  0 ,  K ( O R )  

i n t e r n a l  e n l r g y  a t   s t a t i o n  21, J / k q  ( B t u / l b m )  

ir.tern31 e n a r g y   a t   s t a t i o n  22, J / k 7  ( B t u / l h m )  

i n t G r n a l  energy a t   s t a t i o r ,  20 ,  J / k s  ( B t u / l h m )  

i n t e z n a l  e n e r g y  s t  s t a t i o n  3 ,  J/kg ( B t u / l b m )  

i n t e r n a l  energy a t  s t a t i o n  37,  J / k q  ( B t u / l b s )  

i n t e r n a l  e E a r q y  s t  s t a t i o f i  L ! ,  J / k q  ( E t u / l b n )  

i n t E r r a 1   e r , l r g y  a t  s t a t i c r .  5, J / k g  ( f ? t u / l b m )  

i n t c r r , 3 1  

i n t e r n a l  

velocity 

v r . l o c i t y  

v e l o c i t y  

v c l o c i t y  

v c l o c i t y  

v c l o c i t y  

v e l o c i t y  

e n e r g y  at s t a t i o n  5 n ,  J/kq ( B t u / l b n )  

e n e r q y  a t   s t a t i G n  55,  J / k q  ( E t u / l b m )  

e c l r g y  a t  s t a t i o n  7 ,  J / k 7  ( B t u / l b m )  

a t  s t a t i o n  25, m/sec ( f t / s e c )  

a t  s t a t i o n  38 ,  m/sec ( f t / s z c )  

a t  s z a t i o n  2 3 ,  m/sec ( f t / s e c )  

a t  s t a t i o r .  3 8 ,  m/sec ( f t / s e c )  

a t  s t a t i o n  3 9 ,  m/sec ( f t / s a c )  

at s t a t i o n  55, n;/sec ( f t / s e c )  

a t  s -Lat ion  6 ,  m/sec ( f t / sec)  
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v7 

V 8  

v9 

V A  

4 VAFTBN 

4 VCOHB 

* VCOlJP 

* V F A N  

* VPDUCT 

4. VHPTBB 

* V I N T C  

* VTPTRB 

V J D  

VJH 

VJH 

* VLPTRB 

* VHDUCT 

HA2 1 

HA22 

WA23DS 

WA3 

v e l o c i t y  a t  s t a t i o n  7 ,  m/sec ( f t / s2c)  

v e l o c i t y  a t  s e a t i o n  8 ,  m/sec ( f t / s a c )  

v e l o c i t y  a t  s t a t i o n  9 ,  m/sec ( f t / s ? c )  

v e l o c i t y  of a i r c r a f t ,  m/sec ( f t / s ec )  

c o n t r o l   v o l u m e  a s s o c i a t e d  w i t h   a f t e r b u r n e r ,  
m 3  ( f t 3 )  

c o n t r o l   v o l u m e  a s s o c i a t e d  w i t h  c o m b u s t o r ,  
m 3  ( f t 3 )  

c o n t r o l   v o l u m e  assoc ia ted  w i t h  cor3 c o m p r e s s o r ,  
m 3  ( f t 3 )  

c o n t r o l   v o l u m e  a s s o c i a t e d  w i t h  f a n   c o m p z e s s o r ,  
m 3  ( f t 3 )  

c o n t r o l   v o l u m e  a s s o c i a t e d  w i t h  f a n  d u c t ,  m 3  ( f t 3 )  

c o n t r o l   v o l u m e  a s s o c i a t e d  w i t h  h i g h - p r e s s u r e  
t u r b i n e ,  m 3  ( f t 3 )  

c o n t r o l   v o l u m e  assoc ia ted  w i t h  i n t a r m e d i a t e  
c o m p r e s s o r ,  m 3  ( f t 3 )  

c o n t r o l   v o l u m e  a s s o c i a t e d  w i t h  
i n t e r m e d i a t e - p r e s s u r e   t u r b i n e ,  m 3  ( f t 3 )  

v e l o c i t y  of f a n   d u c t   e x h a u s t ,  rn/sez ( f t /sec)  

v e l o c i t y  of  core  e x h a u s t ,  m/sec ( f t / s ec )  

v e l o c i t y  of w i n g   d u c t   e x h a u s t ,   m / s a c  ( f  t / s ec )  

c o n t r o l   v o l u m e  a s s o c i a t e d  w i t h   l o u -   p r e s s u r e  
t u r b i n e ,  m 3  ( f t 3 )  

c o n t r o l   v o l u m e  a s s o c i a t e d  w i t h   w i n g   d u c t ,  
a13 ( f t 3 )  

a i r f low a t  s t a t i o n  21, kg/sec (lbm/sec) 

a i r f low a t   s t a t i o n  22,  k g / s e c  (lbm/sec) 

a i r f low a t  s t a t i o n  23 a t  d e s i g n   c o n d i t i o n s ,  
k g / s e c  ( I b m / s e c )  

a i r f low a t  s t a t i o n  3 ,  k g / s e c  (lhm/sec) 
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W A 3 2 D S  a i r f low a t  s t a t i o n  32 at d e s i g n   c o n d i t i o n s ,  
k g / s e c  (lbm/sec) 

W A 3 C D S  correc ted  a i r f l o w  i n  c o m b u s t o r  a t  d e s i g n  
c o n d i t i o n s ,   s t a t i o n  3 ,  kg/sec (lbm/sec) 

WAC a i r f l o w  of core c o m p r e s s o r ,   k g / s e e  (lbm/sec) 

WACC c o r r e c t e d  a i r f l o w  of core c o m p r e s s 3 r ,   k g / s e c  
(1 bm/sec)  

* WACCDS d e s i g n   c o r r e c t e d  a i r f l o w  of co re  c 3 m p r e s s o r ,  
kg/sec (lbm/sec) 

W A C C F  c o r r e c t i o n   f a c t o r  of c o r e - c o m p r e s s D r   c o r r e c t e d  
a i r f l o w  

W A C D S  a i r f l o w  of z o r e  c o m p r e s s o r  a t  design c o n d i t i o n s ,  
k g / s e c  (lbm/sec) 

WAC1 corrected airflow of i n t e r m e d i a t e   z o m p r e s s o r ,  
k g / s e c  (lbm/sec) 

WACP s a v e d  a i r f l o w  of core c o m p r e s s o r ,   k g / s e c  
( 1 bm/s ec) 

WAD a i r f l o w   o f  f a n  d u c t ,  k g / s e c  (lbm/sec) 

WAF a i r f l o w  of f a n   c o m p r e s s o r ,   k g / s e c  (lbm/sec) 

WAFC c o r r e c t e d   a i r f l o w  of f a n   c o m p r e s s o r ,   k g / s e c  
(1 bm/s ec) 

* W A F C D S  d e s i g n   c o r r e c t e d  a i r f low of f a n   c o ~ p r e s s o r ,  
k g / s e c  (Ibm/sec) 

WAFCF correction factor of f a n  c o m p r e s s o r   c o r r e c t e d  
a i r f l o w  

W A F D S  a i r f l o w  of f a n  c o m p r e s s o r  a t  d e s i g n   c o n d i t i o n s ,  
k g / s e c  (lbm/sec) 

WAFP s a v e d  a i r f l o w  of far! compressor, kq/sec ( l b m / s E c )  

W AI a i r f l o v  of i n t s r m e d i a t e  cornpresscr, k q / s e c  
( l b m / s e c )  
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* WAICDS 

WAICF 

WAIDS 

WAIP 

* WFA 

* WFB 

* WFBDS 

W FD 

W FT 

WG24 

WG37 

WG4 

WG5 

WG50 

WG55 

W G6 

WG6CDS 

WG7 

W GT 

Xi3LDU 

XBLF 

d e s i g n   c o r r e c t e d  airflow of i n t e r m e d i a t e  
c o m p r e s s o r ,   k g / s e c  ( lba/sec) 

correction f a c t o r  of i n t e r n e d i a t e - c o m p r e s s o r  
corrected a i r f l o w  

airf low of i n t e r m e d i a t e   c o m p r e s s o r  a t  d e s i g n  
c o n d i t i o n s ,  kg/sec ( lba lsec)  

s a v e d  a i r f l o w  of i n t e r m e d i a t e   c o m p r e s s o r ,   k g / s e c  
(1 bm/s ec) 

fuel flow r a t e  t o  a f t e r b u r n e r  ( I A P T B N = 2  only for 
i n p u t ) ,   k g / s e c  (lbm/see) 

f u e l  f l o w  rste t o  main  combustor (MODE=2 only  for 
i n p u t )  , kg/sec (lbm/sec) 

d e s i g n  f u e l  f low r a t e  t o  ma in  combustor 
(MODE=2 o n l y  f o r  i n p u t ) ,   k g / s e c  (lbm/sec) 

fuel flow r a t e  t o  d u c t b u r n e r ,   k g / s e c  (lba/sec) 

t o t a l  f u e l  flow r a t e ,  k g / s e c  (lbmfsec) 

gas flow a t  s t a t i o n  24, k g / s e c  ( l b a / s e c )  

g a s   f l o w  a t  s t a t i o n  37, k g / s e c   ( l b a / s e c )  

gas flow at. s t a t i o n  4, _kg/sec ( lba / sec )  

g a s  flow a t  s t a t i o n  5 ,  k g / s e c  ( lbn /sec)  

gas f l o w  a t  s t a t i o n  5 0 ,  k g / s e c   ( l b a / s e c )  

g a s  flow a t  s t a t i o n  5 5 ,  kg/sec (lbm/sec) 

g a s  f low a t  s t a t i o n  6 ,  k g / s e c   ( l b a / s e c )  

corrected gas flow a t  s t a t i o n  6 a t  d e s i g n  
conditions, k g / s e c  (lbm/sec) 

g a s  f low a t   s t a t i o n  7,  k g / s e c  (lbm/sec) 

t o t a l  g a s  flow ra te ,  kg/sec (lbm/sec) 

s a v e d  BLDU 

s a v e d  B L F  
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XFAR24 

XFAR55 

XH2 1 

xn25 

XH3 

X H 5  5 

XNHP 

* XNBPDS 
X N I P  

* X N I P D S  

X N L D E H  

XNLP 

* X N L P D S  

XP1 

XP2 1 

XP25 

XP55 

xs2  1 

XS2 5 

xs55 

X T 2  1 

XT2S 

XT55 

XWAC 

X W A F  

XWPB 

38 

s a v e d  FAR24 

s a v e d  FA R55 

s a v e d  A 2 1  

s a v e d  H25 

s a v e d  A3 

s a v e d  H55 

s p e e d  o f  core c o m p r e s s o r ,  rpm 

d e s i g n   s p e e d  of high-pressure r o t o r ,  rpm 

s p e e d  D f  i n t e r m e d i a t e   c o m p r e s s o r ,  rpm 

d e s i g n   s p e e d  of i n t e r m e d i a t e - p r e s s u r e  rotor,  r p m  

commanded  speed of  fan compressor, rpm 

speed of fan compressor, rpm 

design s p e e d  of l o w - p r e s s u r e  r o t o r ,  rpm 

s a v e d  P1 

s a v e d  P21 

s a v e d  P25 

s a v e d  P55 

s a v e d  5 2 1  

s a v e d  S25 

s a v e d  555 

s a v e d  T21 

s a v e d  T 2 5  

s a v e d  T55 

s a v e d  WAC 

s a v e d  WAF 

s a v e d  WFB 



XWFD 

X W G 2 4  

XWG55 

XXP 1 

zc 

* ZCDS 

ZF 

* ZPDS 

ZI 

* Z I D S  

s s v e d  WFD 

s a v e d  WG24 

s a v e d  WGS5 

s a v e d  P1 

r a t i o  of c o r e - c o m p r e s s o r  p r e s s u r e  r 3 t i o s  

d e s i g n  r a t i 3  of core comprassor ;  e q u a l s   p r e s s u r e  
ra t i r ,  a t  d e s i g n  point o n  a s s i g n  s p e e d  line 
m i n u s  v a l u e  of p r e s s u r e  r a t i o  at l o w e s t  
p o i n t  on s p e e d  line, d i v i d e d  b y  h i g h  ( S u r q e )  
v a l u e   m i n u s  low v = t l u e  of p r e s s u r 2  r a t i o  OR 
d e s i g n  speed lice 

r a t i o  of f an -compresso r  pressure r s t i o s  

design r a t i o  of f a n  compressor  ( see  Z C D S  f o r  
e x p l a n a t i o n )  

ratio o f  intei:rnedia'ce-ccmI;ressor p r e s s u r e  r a t i 3 s  

d e s i g n  r a t i o  of i n t e r m G d i a t e  comprasso r  ( see  
Z C D S  for s x p l a n a t i o n )  
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APPENDIX B 

FORTRAN LISTIN G3 

Main Program DY GABC D 

C T H I S  I S  THE  MAIN  PBOGiiAM  bBCDOC71 
I M P L I C I T   R E A L - 8   ( A - i i , O - Z )   A D C D C C 7 2  
L O G I C h L  S I ,  E F S E R ,  DUVSPL,  FXVNZM,  FXM2CP,  AFTFAM,  PAN Aati)?!'r?3 
COEYON  /COYALL/  COR ( 1 0 6 2 )  AECD?C? '4  
D I f l E N S I O N  W O R D ( 2 ) ,  I H R ( 9 ) ,  D U R D 1 ( 1 5 ) ,   F 0 ( 5 0 , 4 ) ,   5 3 ( 1 3 , E ) ,  ABCDOCO5 

1 P D A l ! A ( 5 , 5 0 ) ,   T I ! l 3 P T ( 5 0 ) ,   X S ( 2 3 ) ,   P V X D O T ( 2 3 )   A Y C D 7 0 7 5  
E 3 U I V A L E N C E   ( W O R D ( 1 ) .   C O Y ( l ) ) ,   ( I D E S ,   C 3 Y ( 3 ) ) ,   ( J D E S ,   C O Y ( " + ) ) ,   A B C D 3 C 3 7  

1 (KDES,  CON ( 5 ) ) ,  (MOD&, C3Y ( 6 ) ) ,  (IXlr,  C i ) M ( 7 ) ) ,  (TDUYP, Z O Y ( ( P ) ) ,  A S C 7 n n p 3  
2 ( I A R T P ,   C O N ( 3 ) ) ,   ( I G A S X X ,   C O ? l ( l O ) ) ,   ( I D B U R N ,   Z G E ( l l ] ) ,  P . S c D n ~ 3 3  
3 ( I A F T B L ,   C @ ? l ( l 2 ) ) ,   ( I D C D ,   C O P ! ( 1 3 ) ) ,   ( T R C D ,   C o N ( l u ) ) ,   A 9 C n C 3 1 3  
'4 ( I D S H O C ,  CON ( I s ) ) ,   ( I M S H 3 2 ,  COY ( 1 6 ) ) ,   ( Y O Z F L T ,  Z O 3  ( 1 7 ) ) ,   A 3 C D 3 C . 1 1  
5 ( I T R Y S ,   C U M ( 1 8 ) ) ,  ( L O O P E R ,  C O M ( 1 3 ) ) ,   ( N O M A P ,   C O Y ( 2 C ) ) ,   A B C D 3 3 1 2  
6 (NUMRAP, CO?I ( 2 1 ) ) ,   ( Y A P E D S ,  CDY ( 2 2 ) ) ,  (I 'OLALL, CO!(23) ) ,  ARCDOC1 3 
7 ( E R R ( l ) ,  COB ( 2 4 ) ) ,   ( P l ,   Z O H ( 3 3 ) ) ,   ( 9 2 2 ,   C O X ( 3 L ! ) ) ,   ? . a c w o l n  
8 ( A E 2 3 ,  COM (?5)), ( W A 2 3 D S ,   C O Y ( 3 5 ) ) ,   ( ; 1 2 3 ,   C O N ( 3 7 )  ) , A B C 3 9 P 1 5  
3 ( P 2 3 ,  C O X ( 3 8 ) ) ,  ( H 2 3 ,   C O Y ( 3 9 ) ) ,  ( 5 2 3 ,  C ? Y ( t ' @ ) ) ,  ( 4 2 1 ,  C O Y ( U l ) ) ,   A B C p ' ? p l S  
1 ( T 2 4 ,   C G P I ( 4 2 ) ) ,   ( H 2 4 ,   C G Y ( 4 - 7 )  1 ,  ( S 2 4 ,   C O P ( G U ) ) ,   ( A K 2 5 ,   C O p ? ( 1 ; 5 ) ) ,   A B C D Z P l :  
2 ( P 2 5 ,  COM ( 4 5 ) ) ,  (P25,  COY ( 4 7 ) ) ,  (H25 ,  CDM (48)), ( S 2 5 ,   C 3 Y   ( 4 9 )  ) , A D C D C r l S  
3 ( A 2 8 ,  COY ( 5 0 ) ) ,  ( A 2 9 S A V ,  ,OM ( 5 1 ) ) ,  ( A 3 2 9 ,  COY ( 5 2 ) ) ,   b B C D 0 0 1 ?  
4 (V28, CON (53)  ) , ( T S 2 3 ,  C 3 7  ( 5 3 )  ) , ( P S 2 9 ,   C o t ?  (55)  ) , ( r 2 9 ,  :OR ( 5 5 )  ) , ABCDPO2?  
5 (P28, COPI ( 5 7 ) ) ,  ( H 2 5 ,  C O ' ! ( 5 8 ) ) ,  (528, C O M ( 5 9 ) ) ,   ( A 2 9 ,  COY ( 6 0 ) )  , X 9 C D O n 2 1  
6 ( A 2 9 S A V ,   C O M ( 6 1 ) ) ,  ( A V 2 ' 3 ,  C O M ( F 2 ) ) ,  ( V 2 9 ,   C O ? l ( 6 3 ) ) ,   4 R C D ( ? ? 2 2  
7 ( T S 2 9 ,  COY ( 6 4 )  ) , ( P S 2 3 ,  Z 3 Y  ( 5 5 )  ) , ( T 2 4 ,  CON ( 6 6 )  ) , ( P 2 9 ,  Z O Y  ( 6 7 )  ) , A 3 C D n C 2 ?  
8 (H29 ,  COY ( 6 8 ) ) .  ( S 2 9 ,  COY ( 6 0 ) ) ,   ( B Y P A S S ,  C O N  ( 7 0 ) ) ,  ADCDCP22  
9 (WAD, CON ( 7 1 )  ) , ( W F D ,   C O N ( 7 2 ) ) ,   ( E T A D ,  COM ( 7 ? ) ) ,  P B C D ( 1 F 2 5  
1 (DPDUC,  COW ( 7 4 ) ) ,  (DPDUDS,  C 3 Y  ( 7 5 )  ) , ( X X P 1 ,  C O Y  (76)) EBCDOD25 

E g U I V A L E N C E   ( X W G 2 4 ,  C O M ( 7 7 ) ) ,  ( X F A A 2 4 ,   C C M ( 7 8 ) ) ,  ( X T 2 5 ,  C O Y  ( 7 9 ) ) , A B C P 2 3 2 7  
1 ( X P 2 5 ,  C3M ( B O ) ) ,   ( X H 2 5 ,  Z 3 Y  ( E l l ) ) ,   ( X S 2 5 ,  C O N  ( 8 2 ) ) ,   A 9 C D O C 2 P  
2 ( X W G 5 5 ,   C O M ( 9 3 ) ) .   ( X F A 9 5 5 5 ,   C 3 Y ( 6 4 ) ) ,  (XT55 ,  C O H ( 8 5 ) ) ,  A B C 3 G  '72 3 

4 (XWFB,  COY ( 8 9 )  ) , (XWFD, Z 3 M  ( 9 3 )  ) , ( T 2 D S ,  ,OM ( 3 1 )  ) , ( T 2 ,  ZOM ( 7 2 )  ) , AEiCD3031  
5 ( P 2 ,  CON ( 9 3 )  ) , ( H Z ,   C O Y ( 3 U ) )  I ( 5 2 ,  COY ( 7 5 )  ) ,  ( S 2 2 ,   C 3 Y  ( ' 3 6 ) ) ,  k R C D 3 3 3 2  
6 ( P 2 2 D S ,  COM ( 9 7 )  ) ,  ( k 2 5 ,  Z3?l ( 3 3 )  ), (V25, COP! ( F O ) )  , A B C D C 0 3 3  
7 (r4GU. C O M ( 1 0 0 ) ) ,  ( ' P U D S ,  C O Y ( l O l ) ) ,   ( T 5 ,  Z O Y ( 1 0 2 ) ) ,  ARCDO032  
8 ( H 5 ,  C O H ( l C 3 ) ) ,   ( S 5 ,   C O H ( l O b ) ) ,  ( i l G C ,  C O H ( l Q 5 ) ) ,   A P C D C C 3 5  
9 ( F A B 5 ,  COY ( 1 O 6 ) ) ,   ( A Y 5 5 ,  Z 3 Y  ( 1 ? 7 ) ) ,   ( V 5 5 ,   C O M ( l O 9 ) ) ,   B B C U 3 0 3 5  
1 ( A 5 5 ,   C O ~ ( l O S ) ) ,   ( P S 5 5 ,   C 3 M ( 1 1 3 ) ) ,  ( S 6 ,  C O m ( 1 1 1 ) ) ,   A B C D 3 0 3 7  
2 ( P S 6 ,   C O M ( 1 1 2 ) ) ,   ( V 6 ,  COY ( 1 1 3 ) ) ,   ( T F H P C P ,   C O N ( l l Q ) ) ,  ARCDOC3R 
3 ( C N H P C F ,   C C Y ( 1 1 5 ) ) ,   ( E T H P Z F ,   : 3 Y ( 1 1 6 ) ) ,   ( D H H P C F ,   Z 0 1 ( 1 1 7 ) ) ,   A B C D ' 3 0 3 3  
4 ( T P H P D S ,  C O Y  ( 1 1 8 ) ) ,   ( C L H P D S ,   C O M ( 1   l a ) ) ,   ( E T H P D S ,  COY ( 1 2 0 )  ) , ABCDOOU:! 
5 ( P i l F C F ,   C O M ( 1 2 1 ) )   ( E T A F Z P ,   Z O ? l ( 1 2 2 ) ) ,   ( W A F C F ,   C O Y ( 1 2 3 ) ) ,   A B C D 0 0 7 1  
6 ( P C N F D S ,   C C M ( 1 2 4 ) ) ,   ( P R F D S ,  C O H ( ? 2 5 ) ) ,  (EPAFDS,   C3! ! (126) ) ,   ABCD3C72  
7 ( W A F D S ,   C O l q ( 1 2 7 ) ) .   ( P C N C Z U ,  CDY ( 7 2 3 ) ) .   ( H P E X T ,  C O Y  ( 1 2 9 ) ) ,  ABCD'l \ r )43 
9 ( Y A C C D S ,   C O M ( 1 3 0 ) ) .   ( P P F ,   C O ? l ( 1 3 1 ) ) ,   ( E T A F ,   C 0 1 1 ( 1 3 2 ) ) ,  ADCDO 09 7 
9 ( Z C D S ,   C O M ( 1 3 3 ) ) ,   ( C N P ,   C O M ( 1 3 1 ) ) ,   ( W A P C ,   C O N ( 1 3 5 ) ) ,   A C Z D C f 7 S  
1 ( Z F ,  C O M ( 1 3 6 ) ) ,   ( P C N P ,  C3Y ( 1 3 7 ) ) ,   ( P C B L F ,   C O P l ( 1 3 8 ) )  ABCDOO'45 

E Q U I V A L E N C E  (ZI, COPi ( 1 3 9 )  ) , ( P C N I ,  CO3 ( 1 4 0 )  ) , ( T F F I P ,  COY ( 1 C t l )  ) ,  A B C D 0 0 4 7  
1 ( C M I P ,   C O q   ( 1 4 2 )  ) ,  ( E T A T I ? ,   C 3 Y   ( 1 4 3 )  ) ,  ( D H T C I P ,  C O Y  ( 1 4 4 ) ) ,   A a C D 0 0 1 8  
2 ( D H T I ,   C O M ( l 4 5 ) ) ,   ( Z I D S ,   C O Y ( l U 6 ) ) ,   ( P C N I D S ,   C O M ( l b 7 ) ) ,   A B C 3 0 0 4 3  
3 ( P C X I G U ,   C O M ( 1 4 8 ) ) ,   ( T I ,  L ' O M ( 1 4 3 ) ) ,  (HI ,  C O M ( 1 5 3 ) ) ,  A B C D C O ~ D  
3 (SI, C O M ( 1 5 1 ) ) ,  ( T 3 ,  C O Y ( 1 5 2 ) ) .   ( H 3 ,   C O M ( 1 5 3 ) ) .  ( U A 3 ,  C O 3 ( 1 5 4 ) ) ,   A B C D O O S 1  
5 (WA3CDS,  Cci' l (155)), (T4, C G Y ( 1 5 6 ) ) .   ( H 4 ,   C O E ( 1 5 7 ) ) ,   A B C D O C 5 2  

7 ( T 5 0 ,  C O N ( l F j l ) ) ,  (HC.0, C O N ( 1 6 2 ) ) .  ( S 5 0 ,  C O M ( l E 3 ) ) ,   A R C D O 0 5 7  

3 ( X P 5 5 ,  CON ( 8 5 ) ) ,  ( X A 5 5 ,  cox ( 5 7 )  ) , (XS55 ,  ccp? ( 9 e )  ) , AACDOC.33 

6 (SQ, C O M ( 1 5 8 ) ) ,  (WGL, C 0 1 ( 1 5 7 ) ) ,   ( P A E 4 ,   C O Y ( 1 6 0 ) ) ,  ABCDC1053 
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8 (WG50, COB (164)  ) 8 (PAR508 COH ( 1 6 5 )  ) , (PCBLEP, COB (166)  ) 8 

9 (PCBLIP. con ( 1 6 7 ) )  , (PCBLLP, :OH (1613) . (PCBLDU, CON (169)  1, 
1 (PCBLOB, COH(170)) . (CBHP, C O n ( l 7 1 ) ) ,  (ETATHP, CDH(172)) ,  
2 (DHTCEP. COB ( 1 7 3 )  ) , (DHTC,  COJ (174)  ) , (TPPBP, COM (175)  ) , 
3 (PRICP,  COH(176)),  (ETAICP. COM ( 1 7 7 )  ) 8 (WAICP. Con ( 1 7 8 ) )  
4 (ETABCF, coH(179) )#   (PBIDS,  CON ( 1 9 0 ) ) ,  (ETAIDS, C O M ( l 8 1 ) ) ,  
5 (UAIDS, C O H ( l 8 2 ) ) .  (YAICDS, C3!4 ( 1 8 3 ) )  8 (ETABDS, COH( l84) )  . 
7 (ETAI, C 0 8 ( 1 8 8 ) ) .  ( P R I ,   z 3 H ( l B 9 ) ) ,  (ETAB, C O H ( l 9 0 ) ) ,  
8 (WAC, COM(191)).  (WFB, COM(192)) ,  (BLC, COU(193)) ,  
9 (CS, COM(l94)) .  (AM, COM(195)) ,  (ALTP, COM(196)).  
1 (DPCODS, C O H ( 1 9 7 ) ) ,  (DPC3M, 209 ( 1 9 8 ) ) ,  (PCNPGU, COM(l99))  

6 (WPBDS, C O U ( l 8 5 ) ) ,  (ZPDS, COM(I86))  8 (ETAB, COM(187)) 

EQUIVALENCE (XPI,  COM (203)  ) , ( X r 2 1 ,  COH (201))   (XP21,  COM ( 2 0 2 )  ) , 
1 (XH21, COR ( 2 0 3 ) ) e   ( x s 2 1 ,   z O m ( 2 0 4 ) )  , (x838  CoH(205)  ) 8 

2 (!€YAP8 C O n ( 2 0 6 ) )  , (XWAC, C O H ( 2 3 7 ) ) ,  (XBLP, COM(208)) ,  
3 (XBLDU. CON ( 2 0 9 )  ) , (WG37, .CON ( 2 1 3 )  ) , (A38, COH ( 2 1 1 ) )  , 
U ( A H 3 8 ,  COM (212)) ,   (V38,   ZDM(213)) ,   (T38,  COM ( 2 1 4 ) ) ,  
5 (H38, COH ( 2 1 5 ) ) ,   ( P 3 8 ,  COH ( 2 1 6 ) ) ,   ( T S 3 8 ,   C O H ( 2 1 7 ) ) ,  
6 (PS38,  COH ( 2 1 8 ) )  , (A39,  Z3M(219)) 8 (AH39,  COM(220) ), 
7 (V39, COH ( 2 2 1 ) )  , (T39,  COfl(222) ) , (H39, COH ( 2 2 3 ) ) ,  
8 (P39,  COH ( 2 2 4 ) )  , (TS39 ,   23H(225) ) ,   (PS39 ,   COH(226) ) ,  
9 (YA32DS, CON ( 2 2 7 ) ) ,  (DPWING, ZOH ( 2 2 8 )  ) , (BPRINT, COM ( 2 2 9 )  ) , 
1 (FGHWNG, COH ( 2 3 0 )  ) , (FGPWNG, CON ( 2 3 1 ) ) ,  (FNUING, COY ( 2 3 2 )  ) , 
2 (FNHAIN, COB ( 2 3 3 ) ) ,  (PYOVPN, 2 3 H ( 2 3 4 ) ) ,  (DPUGDS, Cot4 ( 2 3 5 )  ) , 
3 (DELPG, COH ( 2 3 6 ) ) ,  (DELFN, CO! ( 2 3 7 )  ) , (DELSFC, COH (238) ) , 
4 ( C V D W N G ,  CON ( 2 3 9 ) )  , (CVDNJZ, 2311 ( 2 4 0 ) ) ,  ( C V f l N O Z ,  COa(241)  ) , 
5 (VA, COM ( 2 4 2 )  ), (VJD, COH ( 2 4 3 )  ) , ( V J W ,  CO! (244)  ) , 
6 (VJH, CON ( 2 4 5 ) ) .  (WFT, CON ( 2 4 5 ) ) ,  (WGT, C O B ( 2 4 7 ) ) ,  
7 (SFC, COH ( 2 4 8 ) ) ,  (TFAR, C 3 M  ( 2 4 9 )  ) , (PRD, EO! ( 2 5 0 ) ) ,  
8 (PGHD, C O R  (251)  ), (FGRH, COH(252))  , (FGPD, COM ( 2 5 3 ) ) ,  
9 (PGPN, COB ( 2 5 4 )  ) ,  (FG!, :OB ( 2 5 5 )  ) , (PGP, COH ( 2 5 6 ) )  , 
1 (PG, COH ( 2 5 7 ) ) ,  (FN,   COH(258)) .  (FFOVFN, COM(259)) 

EQUIVALENCE (FCOVFN, CO!(260)), (FNNOFN, C O H ( 2 6 1 ) ) ,  
1 (PROVFD, COH(262) ) ,   (T21 ,   CO! l (263) ) ,   (H21 ,   COH(264) ) ,  
2 ( S 2 1 ,  CON ( 2 6 5 ) )  , (WA21, c O H ( 2 5 6 ) )  , (T21DS, COH ( 2 6 7 ) ) ,  
3 (T22,  COM ( 2 6 8 )  ) , (WA22, C3H ( 2 6 9 ) ) ,  (53, CO! (270)  ) , 
4 (UA32, CO! ( 2 7 1 )  ) ,  ( T 5 5 ,  C O R  ( 2 7 2 ) )  , (H55, C O N  ( 2 7 3 ) ) ,  
5 (SSS, COM ( 2 7 4 ) )  , (TFLPDS,  COM(275) ) , (CNLPDS, CON ( 2 7 6 )  ) , 
6 (ETLPDS, COR ( 2 7 7 )  ) , (TFIPDS, Z 3 M  ( 2 7 8 )  ) , (CNIPDS, C O Y  ( 2 7 9 )  ) , 
7 (ETIPDS, COM ( 2 8 0 )  ) , (TPLPCF, 2 3 N ( 2 9 1 )  ) , (CNLPCF, CON ( 2 8 2 )  ) , 
8 (ETLPCF, COM ( 2 8 3 ) ) .  (DHLPCF, 233M ( 2 8 4 )  ) , (TPIPCP, CON ( 2 8 5 )  ) , 
9 (CNIPCF, COM (286)) ,   (ETIPCF,   CDM(287) ) , (DHIPCF, COY ( 2 8 8 )  ) , 
1 (TPPLP,  C0!(283)), (CNLP, COkl(290) ) ,  (ETATLP, CO! ( 2 9 1 )  ) , 
2 (DHTCLP, COR ( 2 9 2 ) ) ,  (DHTF, C O Y  ( 2 9 3 )  ) , (PRCCF, COM ( 2 9 4 )  ) , 
3 (ETACCF, COH ( 2 9 5 )  ) , (WACCP, C O N  ( 2 9 6 )  ) , (PRCDS,  CON ( 2 9 7 )  ) , 
4 (ETACDS, CON ( 2 9 8 ) )  , (WACDS, Z 3 M  ( 2 9 9 )  ) , ( Z C ,  CO! ( 3 0 0 )  ) , 
5 ( P C N C ,  COM (301)  ) , (PCBLC,  COH(302) ) , (PCNCDS, COM ( 3 0 3 )  ) , 
6 ( P C B L I ,  C O B  ( 3 0 4 )  ) , (PCBLID, COM ( 3 0 5 )  ) , (CNC, COM ( 3 0 6 )  ) , 
7 (PRC, COH(307) ) , (ETAC, C3M(308) ) , ( C N I ,  EOM (309)), 
8 ( Y A C I ,  COM ( 3 1 0 ) ) ,  ( W A I ,  Ci3!(311)), ( E L I ,  COR ( 3 1 2 ) ) ,  
9 (BLHP, CON ( 3 1 3 ) ) ,  ( B L I P ,  ZOB(314) )  , (BLLP, COR(315) )  , 
1 (BLP,   COH(316)) ,  ( B L D U ,  C O N ( 3 1 7 ) ) ,  (BLOB, C O a ( 3 1 8 ) )  

1 (FAR24,   COB(322)) ,  (UG55, CO?1(323) ) ,   (FAF55 ,   COM(32&)) ,  
EQUIVALENCE (WAF, COY ( 3 1 3 ) ) ,  (WACC,  C O H ( 3 2 0 ) ) ,  (WS24, COV ( 3 2 1 ) ) ,  

ABCD0055 
ABCD0056 
ABCD0057 
ABCDOO59 
ABCDO 053  
ABCD0060 
ABCD0051 
ABCD0062 
ABCDOO63 
ABCD0057 
ABCD0065 
ABCD0066 
ABCDO067 
ABCDO 05 3 
ABCD0053 
ABCD0070 
ABCD0071 
ABCD0072 
ABCD0073 
ABCD0071 
ABCD0075 
ABCD0075 
ABCD0077 
ABCD0073 
ABCD0073 
ABCD0080 
ABCDC 09  1 
ABCD0082 
ABCDC093 
ABCD0084 
ABCD0085 
ABCD0085 
ABCDOOB’I  
ABCDOO93 
ARCD0093 
ABCD0090 
ABCD009 1 
ARCDO092 
ABCD0033 
ABCDOO94 
ABCD0095 
ABPDO@96 
ABCD0097 
ABCD0093 
ABCD0099 
ABCDCI 1 0 3  
ABCDO 1 3  1 
ABCD0102 
ABCDO 1 0 3  
ABC9@104 
ABCDO 1 0  5 
A B C D O  135 
ABCDO l o ?  
ABCDO 1 0 3  
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2 (P6DSAV, COK ( 3 2 5 ) ) ,  (AB6DSV, COM ( 3 2 6 )  ) , (A?l6, COB ( 3 2 7 )  ) , ABCD0103 
3 (Ah, C O l  ( 3 2 8 ) ) ,  (WG6CDS, C O N ( 3 2 9 ) ) ,  (WG6, C O H ( 3 3 0 ) ) ,  ABCDO 11 0 
4 (F6 ,   COB(331) ) ,   (P6 ,   COY(332) ) .  (H5, CO!l(333)) ,  (XG7, C O H ( 3 3 4 ) ) ,  A B C D O l l l  
5 (FAR7,  COkl(335) ) , (FAR7SV, CON ( 3 3 6 )  ) , (TS7,   COl(337)  ) , ABCDO 11 2 
6 ( P S 7 ,  C O M ( 3 3 8 ) ) .  (V7, COY(339) ) .  (AP!7, COR(340)) ,   (A7,   CON(341)) ,ABCDOl13 
7 (T7DS,  COM(342) ) ,  (T7,  COM(343)).   (87,   COM(344)),   (S7,  COB(345)),ABCDO117 
8 (AS,  COB ( 3 4 6 ) )  , (A8SAV, C 3 R  ( 3 4 7 ) ) ,  (TSA, CON ( 3 n 9 )  ) , A B C D O l l 5  
9 (PS8, C O X ( 3 4 9 ) ) ,  ( V 8 ,  CO!l(350) ) ,  (AMs, C O H ( 3 5 1 ) ) ,  (r8, C\~ ' I (352)) ,ABCD0115 
1 (PS,   COK(353)) ,   (H8,  COH(354)), (SS ,  COH(355) ) .  (A9, C O Y ( ? ! . ? ) ) ,  ARC30117 
2 (AgSAV, COH[357)),   (TS9,  ZON(358) ) , (PS9,   COH(359)) ,  A d C 3 P  11 3 
3 (V9,   COH(360)) .  (AN3, C o M ( 3 6 1 ) ) ,  (TO, C 0 ? ! ( 3 6 2 ) ) ,   ( P 9 ,  C O n ( 3 6 3 ) ) ,  h l C ! l " ? ? q  
4 (H9, COM ( 3 6 4 )  ) , (39, C O I l ( 3 i c ) )  (?TP.LYS, ZOM(3EE) ) , P.71'7P12C 
5 (DPAFDS, COM(367) ) ,  (WFA, C O f l ( 3 6 8 ) ) ,  (ETAA, CON ( 3 6 9 ) ) ,  ASCDO 1 2  1 
6 (ETAASV, COM ( 3 7 0 ) ) ,  (DPAFF, COH ( 3 7   1 ) )  , (XNHP, COH ( 3 7 2 )  ) , ABCD0122 
7 (XNIP, COB ( 3 7 3 ) ) ,  (XNLP, ZOM(374) ) , (P22,  COM(375) ), ABCD0123 
8 (U22, C O B  ( 3 7 6 ) ) ,   ( P 2 1 ,  COB ( 3 7 7 ) ) ,  (U21, COM ( 3 7 8 ) ) ,  ABCD012U 
? ( P 3 ,  COM(379) ) ,  (U3, COM(380)) ,   (P4 ,   COM(381)) ,  (114, C O M ( 3 8 2 ) )  , ABCD0125 
1 ( P 5 0 ,   C G B ( 3 8 3 ) ) ,  (U50, COM(384) ) , (P5,  COB ( 3 8 5 ) ) ,  (Us,  COP! ( 3 8 5 ) )  ABCD0126 

E Q U I V A L E N C E  ( P 5 5 ,  CON (387)  ), (U55, COR ( 3 8 8 )  ) , (P7, C 3 N  (389)  ) , ABCD0127 
1 (U7, COM ( 3 9 0 ) ) ,   ( P 2 4 ,  COY ( 3 9 1 )  ) , (U24, CON ( 3 9 2 ) ) ,  ABCDO 123 
2 ( P 3 7 ,  CON ( 3 9 3 )  ) , (U37, COM ( 3 9 7 )  ), (VFAN, COM ( 3 0 5 ) ) ,  ABCD0129 
3 (VINTC, CON(396) ) ,  (VCONP, COY ( 3 9 7 )  ) , (VCOMB, CON ( 3 9 8 )  ) , ABCDO 1 3 3  
4 (VHPTBB, COB ( 3 9 9 )  ) , (VIPIRB, C O H  ( 4 0 0 )  ) , (VLPTRB, COY ( 4 0 1 )  ) , ABCDC131 
5 (VBFTBN, CON ( 4 0 2 ) ) ,  (VFDUCT, :3F1(403) ) , (VWDUCT, COB ( 4 0 4 )  ) , ABCD0132 
6 (DUMD1 ( 1 )  , COM (405)  ) , (WAFP,COY ( 4 2 0 )  ) , (WAIP,COM ( 4 2 1 )  ) , ASCD'J 13  3 
7 (WACP, C O B  (422)  ) , (XNHPDS, C O N  ( 4 2 3 )  ) , (XNIPDS, CQ3 ( 4 2 4 )  ) , ABCD0134 
8 (XNLPDS, COE ( 4 2 5 ) ) ,  (PMXIRP, COY ( 4 2 6 )  ) , ( P H I I P ,  COM ( 4 2 7 )  ) , ASCDO 1 3 5  
9 (PNILP,  COM(428)),  (DELT1,  C O N ( 4 2 9 ) ) ,  ( P O ( l , l ) ,  C O M ( 4 3 0 ) ) ,  A B C D O  136  
1 (XNLDEM, CON ( 6 3 0 ) ) ,  (SO ( 1 , 1 ) ,   Z l ? r ( 6 3 1 )  ) ,  (PDATA(1,l)  , COY ( 6 9 1 )  ) , 9BCD0137 
2 ( l ! I l E P T ( l ) ,   C O N ( 9 4 1 ) ) .  (PRPNEW, C 3 M ( 9 9 1 ) ) ,  (PRCNEW, COM(9?2) ) ,  ABCDC133 
3 (TIPIE, COM ( 9 9 3 )  ) , (DT, CON (999)  ) ,  (TF,  COB ( 9 9 5 ) ) ,  ABCD0139 
4 (FPRINT,  CON(996)). (DTPRNT, 2 3 M ( 9 9 7 ) ) ,  (PVRDOT(1) , COM(998) ) ,  ABCD0143 
5 (XS(1) ,   COM(1021) ) ,   ( ISPOOL,   COH(1044) ) ,  (ICOAPB, C O N ( 1 @ 7 5 ) ) ,  ABCDO 1 Y 1 
6 (ICODUC, COM (1046) )   ( IC3! ' l IX ,   23M(1047) ) ,  ( K K G O ,  COY ( 1 0 4 8 ) ) ,  ABCDo142 
7 (ITRAN,  COM(lO49)), ( JTRAN,  C 3 ! l ( l O S O ) ) ,  (NSTEP,  COM(1051) ) ,  ABCD@ 14 3 
8 ( I V R D O T ,  COB(1052) ) ,   ( IDOI ,  C O M ( 1 3 5 3 ) ) ,  (IAMTRX, C0!4(1054)) ,   ABC90141 
9 ( S I ,  CON ( 1 0 5 5 ) )  (ERRER,  C O R  (1056)  ) ,  (DUNSPL, C O B ( 1 0 5 7 ) ) ,  RBCDO 1 4  5 
1 (FXFN2N, COM (1058)  ) , (FXE2CP, CON ( 1 0 5 9 )  ) , (AFTFAN, C3M ( 1 3 6 0 )  ) 9BCDC145 

E Q U I V A L E N C E  (FAN, COM ( 1 0 5 1 ) ) ,  (WAFCDS, COM(1062)) ABCDO147 

I T R A N  = 0 ABCD0149 
J T R A N  = 0 ABCDO 1 5 3  
NSTEP = 0 ABCD0151 
TIME = O . O D O  ABCD0152 
TPRINT = O . O D O  ABCDO 1 5 3  
DTPRNT = @.OD0 ABCD015'J 

ERRER = FALSE. ABCDO 1 4  3 

1 ABCDO 1 5  8 

2 W O R D ( J )  = O . O D O  ABCD0160 
ISPOOL = 0 ABCDO 16 1 

C SET A R B I T B A R Y  VALUES FOP. I N T E R M E D I A T E  SPOOL  DESIGN PARAMETERS T O  ABC90162 

DO 2 J = 1057,1062  ABrD0153 
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C A V O I D   E R R O R  WHEN R U N N I N G  A DUMHYSPOOL  ENGINE 
P R I D S  = 1.5DO 
E T A I D S  = 1.ODO 
P C N I D S  = 1OO.ODO 
Z I D S  = . 7 5 D O  
P C N C D S  = 1OO.ODO 
R K S O  = 0 
CALL  CONOUT (1) 
P B D S A V  = 1 . O D O  
AM6DSV = 1.ODO 
E T A A S V  = 1 .OD0 
FAR7SV. = 1.ODO 
C A L L   E N G B A L  

END 
srop 

Subroutine AFQUIR 

S U B R O U T I N E   A P Q U I R  (X,AIND,DEPEND8ANS8AJ8TOL,DIR8FiNEW,ICON) 
I M P L I C I T   R E A L * 8   ( A - H , O - 2 )  
D I M E N S I O N  X ( 9 )  

C X ( 1 )   = N A H E  OF A R R A Y  T O  USE 
C A I N D = I N D E P E N D E N T   V A P I A B L E  
C DEPEND=  DEPENDENT  VARIABLE 
C ANS=ANSWER  UPON  WHICH  TO  CONVERGE 
C A J = M A X  NUMBER OF T R I E S  
C T D L = P E R C E N T   T O L E R A N C E   F O F   C O N V E R G E N Z E  
C D I R = D I R E C T I O N  A N D  P E R C E N T A G E  FOR F I R S r   G U E S S  
C BNEW=CALCULATED  VALUE  OF   NEXT  IRY AT I N D E P E N D E N T   V A R I A B L E  
C I C O N = C O N T R O L  = 1  GO THRU  LOOP  AGAIN 
C =2  YOU HAVE  REACHED  THE  ANSUER 
C = 3  COUNTEB H A S  H I T   L I ? I I T S  
C X (2) =COUNTER  STORAGE 
C X(3) = C H O O S E S   H E T H O D  OF CONVERGENCE 
C X (4) = T H I R D   D E P E N D  V A R  
C X ( 5 )  = T H I B D  I N D  VAR 
C X ( 6 )   = S E C O N D   D E P E N D  V A R  
C X ( 7 )   = S E C O N D   I N D  VAR 
C X (8)  = F I R S T   D E P E N D  V A R  
C X(9) = F I R S T   I N D  VAR 
C X ( 3 )   R U S T   B E   Z E R O   U P O N   F I R S T   E N T R Y  T O  R O U T I N E  

Y = O . O D O  
I F  (ANS  .EQ.  O.ODO)  GO T3 2 
DEF = D E P E N D  - A N S  
T O L A N S  = T O L  * A N S  
GO T O  3 

2 D E P  = D E P E N D  
T O L A N S  = T O L  

I F  (X ( 2 )  - A J )  8,8,7 
3 IF ( D A B S   ( D E P )  .LE. T O L A N S )  G O  r o  5 

5 ANEW = A I N D  
X ( 2 )  = O.ODO 
I C 3 N  = 2 
RETURN 

A B C D 0 1 6 3  
ABCDO '0 5 7 
A B C D 0 1 6 5  
ABCDO 1 5  5 
A B C D F 1 6 7  
ABCDO 1 6  3 
A B C D 0 1 6 9  
ABCDO 1 7  3 
A B C D 0 1 7 1  
ABCDO 1 7  2 
A B C D 0 1 7 3  
ABCDO 1 7  1 
A B C D 0 1 7 5  
ABCDO 1 7 5  
A B C D 0 1 7 7  

ABCDO 1 7  3 
A B C D 0 1 7 9  
ABCDO 13 3 
ARCDO1 8 1 
A B C D 0 1 8 2  
ABCDO 1 9  3 
A B C D O l B l l  
A B C D 0 1 9 5  
ABCDO 1 8 6  
ABCDO 1 3 7  
A B C D 0 1 8 8  
ABCD3 1 3  3 
A B C D 0 1 9 0  
ABCDO 1 4  1 
A B C D 0 1 9 2  
ABCDO 1 9  3 
A B C D 0 1 9 Y  
ABCDF 1 3  5 
A B C D 0 1 9 5  
ABCDO 1 9 7  
A B C D 0 1 9 9  
ABCDO 1 4  3 
A B C D 0 2 0 0  
A B C D 0 2 3 1  
A B C D 0 2 0 2  
A B C D 0 2 3 3  
A B C D 0 2 0 7  
A B C D 0 2 3 5  
A B C D 0 2 0 6  
A B C D 0 2 3 7  
A B C D 0 2 0 8  
A D C D O 2 0 3  
A B C D 0 2 1  'I 
A B C D F 2 1 1  
ABCDO2 1 2  
A 9 C D 0 2 1 3  
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6 ANEU = P 
X(2) = X (2) + 1 , O D O  
ICON = 1 
REPURN 

7 AlEU = Y 

ICON = 3 
RETURN 

X(2) = 0-OD0 

8 IF (~(3) .GT. O,ODO) G O  ro 12 
9 X ( 3 )  = 1.ODO 
C *** FIRST GUESS USING  DIR 

X(8 )  = DEP 
X ( 9 )  = AIND 
IF (AIND .EQ. 0.0~0) GO r o  1 1  

10 Y = DIR * AIND 
G O  TO 6 

1 1  Y = DIB 
GO TO 6 

12 IP (x ( 3 )  . GT. 1.0~0) G O  r3 15 
C *** LINEAR GUESS 
13 X (3) = 2.ODO 

X(6) = DEP 
X(7) = AIND 
IF ( X ( 8 )  -EQ. X(6) .OR. X(9) .EQ. X (7)) GO TO 9 
A = ( X ( 9 )  - X ( 7 ) )  / (X(8) - X(5)) 
Y = X ( 9 )  - A * X ( 8 )  
I F  (DABS(lO.OD0 * X ( 9 ) )  - DABS(Y)) 9,9,6 

C *** QUADRATIC  GUESS 
15 

18 

21 

22 

23 

27 

X (4) = DEP 
X(5) = AIND 
I F  (X(7) .NE. X ( 5 ) )  GO TO 18 
I F  (X(6) - X ( 4 ) )  13,9,13 
I F  (X (6) .EQ. X ( 4 ) )  GO TO 13 
I F  (X (9) .NE. X (5)) GO T3 23 
IF ( X  (8) .EQ. X(4)) GO TO 22 
X ( 9 )  = X ( 7 )  
X(8)  = X ( 6 )  
GO TO 13 
X ( 9 )  = X ( 7 )  
X ( 8 )  = X(5) 
X(3) = 1 .OD0 
I F  ( X ( 9 ) )  10,11,10 
IF (X (8) .EQ. X ( 4 ) )  GO T3 21 
F = ( X ( 6 )  - X ( 4 )  1 / (X(7) - X(5)) 
A = ( X ( 8 )  - X(4) - F * ( X ( 9 )  - X(5))) / ( ( X ( 9 )  - X ( 7 ) )  * 
B = F - A * ( X ( 5 )  + X(7)) 
C = X ( 4 )  + X ( 5 )  * ( A  * X ( 7 )  - F) 
I F  (A .NE,  O.ODO) G O  TO 27 
I F  (B .EQ. O.ODO) G O  TO 7 
Y = - C / B  
G O  TO 47 
I F  (B .NE. 0.ODO) G O  TO 32 
I F  (C .NE. 0. ODO) G O  TO 3 3  

1 ( X ( 9 )  - x ( 5 )  1 )  

ABCDO214 
ABCDO215 
ABCDO215 
ABCDO 2 1 7 
ABCDOZlB 
ABCDO 2 13 
ABCD0220 
ABCD0221 
ABCD0222 
ABCD0223 
ABCD022r 
ABCD0225 
ABCD0225 
ABCD0227 
ABCD0223 
ABCD0229 
ABCD0233 
ABCD0231 
ABCD0232 
ABCD0233 
ABCD023U 
ABCD0235 
ABCD0235 
ABCD0237 
ABCD0239 
ABCD0239 
ABCD0240 
ABCD0241 
ABCD0242 
ABCDO243 
ABCD0244 
ABCD0245 
ABCD0246 
ABCD0247 
ABCD024B 
ABCD0243 
ABCD0250 
ABCD0251 
ABCD0252 
ABCD0253 
A3CD0254 
ABCD0255 
ABCD0256 
ABCDO  25 7 
ABCDCZSR 
ABCDO259 
ABCDO 26 3 
ABCD9261 
ABCD0252 
ABCDO263 
ABCD3251 
ABCD0265 
AECD0255 
ABCD0267 
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~ 

30 

32 

3 4  

35 

36 

37 

3 4  

4 2  

4 4  

4 5  

4 7  

C 
C 
C 

" . . . . . . . .. , 

Y = O . O D O  
GO ro 4 7  
G = - C / A  
I P  (G  .LE. 0, ODO) G O  TO 7 
Y = D S Q E T ( G )  
Y Y  = -DSQRT  (G) 
GO TO 37 
IF (C  .NE.  0. ODO)  GO TO 3'4 
Y = - B / A  
Y Y  = O . G D 0  
GO TO 37 
D = 4.ODO * A * C / B ** 2 
I F  ( 1 , 0 0 0  - D) 13,35,36 
Y = -B  / (2.ODO * A) 
GO TO 4 7  
E = D S Q R T ( I . O D 0  - D) 
Y = (-B / (2 .0DO * A ) )  * ( 1 . O D 3  + E )  
Y Y  = ( -B / ( 2 . O D O  * A ) )  * ( 1 . O D O  - E) 
J = 4  
DEPHIN = D A G S  (X ( 4 )  ) 
DO 39 I = 6 , 8 , 2  
IF ( D E P M T N  .LE.  DABS (x  (11) G O  ro 39 
J = I  
DEPMIN = DABS ( X ( 1 ) )  
CONTINUE 
K = J + l  
I F  ( (  ( X  ( K )  - Y )  * ( X  (K) - Y Y )  ) .LE. 0 -ODO)  
I F  ( (DABS  (X(K)  - Y )  - DABS ( X ( K )  - Y Y )  LE. 
Y = Y Y  
GO TO 4 7  
I F  ( J  .GE. 6) G O  T O   4 4  
J J = J + 2  
K K = K + 2  
GO TO 4 5  
J J = J - 2  
K K = K - 2  
S L 3 P E  = ( X ( K K )  - X ( K )  ) / ( X  ( J J )  - X ( J ) )  
I F  ( ( S L O P E  * X(J)  * ( X ( K )  - Y ) )  .ST. O.ODO) 
Y = YY 

X ( 8 )  = X ( 6 )  

X ( 6 )  = X ( 4 )  
GO TO 6 
END 

X ( 9 )  = X ( 7 )  

X ( 7 )  = x (5) 

Subroutine ATMOS 

G O  TO 4 2  
O.ODO) G3 TO 4 7  

GO TO 4 7  

SUBROUTINE  ATHOS (ZFT,TH,SEGKA,RHO,THETA,DELTA,CA,ACIU,K) 
I R P L I C I T   R E A L * 8  (A-H, 0-2) 
LOGICAL SI 

T H I S  I S  A SUBROUTINE T O  COHPUTE  CERTAIN  ELEMENTS OF THE 1962 
U.S. STANDARD  ATUOSPHERE  UP 13 90 KILOFlETEBS. 

CALLING  SEQUENCE... 

A E C D 0 2 5 9  
ABCD026 J 
A B C D 0 2 7 0  
ABCD027  1 
ARCDC272  
A B C D 0 2 7 3  
ABCDO 2 7 U 
A B C D 0 2 7 5  
A B C D 0 2 7 6  
A B C D 0 2 7 7  
ABCDC279  
A B C D 0 2 7 9  
A B C D 0 2 9 0  
ABCD029  1 
A B C D 0 2 8 2  
ABCDO 28 3 
ABCDO284 
A B C D 0 2 e 5  
A B C D 0 2 8 5  
ADCD0287 
A B C D 0 2 9 8  
A R C 0 0 2 8 3  
A B C D 0 2 3 3  
A B C D 0 2 9 1  
A B C D 0 2 9 2  
A K D 0 2 9 3  
A J C D 0 2 9 4  
A B C D 0 2 9 5  
A B C D 0 2 9 6  
A B C D 0 2 9 7  
A B C D 0 2 9 8  
A B C D 0 2 9 3  
ABCDO 3 0 0  
ABCDO301 
A B C D 0 3 0 2  
A B C D 0 3 0 3  
ABCD030'4 
A B C D 0 3 3 5  
A B C D 0 3 0 6  
A B C D 0 3 0 7  
A B C D 0 3 0 8  
ABCDO 3 0  3 
A B C D 0 3 1 0  
ABCDO 31 1 
ABCDO 31 2 

A B C D 0 3 1 3  
ABCDO 31 4 
AECD03  15 
A B C D 0 3 1 6  
ABCDO 3 1 7  
ABCDD313 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 

1 

2 
3 

CALL  ATHOS ( Z F T ,  TH, S I G U A ,  R H O ,  THETA,  DELTA,  CA, A H U ,  K) 
Z P T  = GEOHETRIC  ALTITUDE (FEET) 
Trl = MOLECULAR SCALE  TEHPEBATURE (DEGREES  RANKINE) 
SIGMA = RATIO OF DENSITY ro  T H A T  A T  SEA LEVEL 
R H O  = DENSITY  (LB-SEC**2-FT** (-4) O R  SLUG-FT**(-3)  1 
THETA = RATIO OF TE!!lPERATURE TO THAT AT SEA LEVEL 

CA = SPEED OF SOUND ( F T / S E C )  
A H U  = VISCOSITY  COEFFICIENT  (LB-SEC/FT**2)  

DELTA = RATIO OF PRESSURE To T H A T  AT SEA L E V E L  

K = 1 NORMAL 
= 2 ALTITUDE  LESS THAN - 5 3 0 9  METERS OF GREATER THAN 90 KF! 
= 3 FLOATING  POINT  3VEFFLOW 

ALL DATA A N D  FUNDAMENTAL CONSTANTS  ARE I N  THE METRIC  SYSTEM AS 
THESE  QUANTITIES  ARE DEFINED AS EXACT I N  T H I S  SYSTEM. 

THE  RADIUS OF THE  EARTH ( B E P T 5 9 )  I S  T H E  VALUE ASSOCIATED  WITH  THE 
1 9 5 9  ARDC ATMOSPHEEE SO THAT PPOGRAMS  CURRENTLY  USING  THE  LIBRARY 
R3UTINE  WILL NOT REQUIRE  ALTERATION P O  USE  THIS   ROUTINE.  

COMflDN /COMALL/ COP! ( 1 0 6 2 )  
D I H E N S I O N   H B ( 1 0 ) ,   T M 9 ( 1 0 ) ,   D E L I A B ( l O ) ,   A L B ( l 0 )  
EQUIVALENCE ( S I ,  CON ( 1 0 5 5 )  ) 
DATA HB / -5.OD0, O . O D O ,  11.OD3, 20 .OD0,  32.0D0, 4 7 . 0 D 0 ,   5 2 . O D 0 ,   A B C D @ 3 4 3  

1 61 .OD0,  79.OD0, 8 8 . 7 4 3 D O  / ARCDO343 
DATA TllB / 3 2 0 . 6 5 D 0 ,   2 8 8 . 1 5 D 0 ,  2 * 2 1 6 . 6 5 D 0 ,   2 2 8 . 6 5 D 0 ,   A 9 C D 0 3 4 5  

1 2 * 270.65D0, 2 5 2 . 6 5 D 0 ,  2 * 1 8 0 . 6 5 D 0  / ABCD9346 
DATA DELTAB / 1 . 7 5 3 6 3 D + 0 3 ,   1 . 0 ~ 0 0 0 D + 0 0 8   2 . 2 3 3 6 1 D - 0 1 ,   5 . 4 3 3 2 8 D - O 2 , A B C D 0 3 4 7  

1 8 . 5 6 6 6 3 D - 0 3 ,   1 . 0 9 4 5 5 D - 0 3 ,   5 . 8 2 2 8 9 D - 0 4 ,   1 . 7 9 7 1 8 D - 0 4 ,   1 . 0 2 4 1 D - 0 5 ,   A B C D 0 3 ‘ 4 8  
2 1.6223D-06 / EBCD03’J3 

D A T A  ALM / 2 * -6.5D0, 0.3D@, 1 . O D 0 ,   2 . 8 D 0 ,  O . O D O ,  -2 .OD0,   ABCD0358 
1 -4 .OD0,  2 * O - O D O  / ABCD’J 351 

DATA R E P T 5 9 / 2 . 0 8 5 5 5 3 1 D + o 7 / ,  G Z  /9 .80665D+00/ ,  ABCDC352 
1 A 3 Z   / 2 . 0 9 6 4 4 D + 0 1  /, RSTAR / 8 . 3 1 4 3 2 D + 0 0 / ,  A 3 C D 3 3 5 3  
2 FTTOKM/3.048D-04 1, s / 1 . 1 0 4 D + 0 2  /, ABCDC35U 
3 AMUZ / l .  2 0 2 4 D - 0 5  /, C B Z  / I .  1 1 6 4 5 D + @ 3 / ,  A B C D 0 3 5 j  
4 RHOZ / 7 . 6 4 7 4 D - 0 2  /, G Z E N G  / 3 . 2 1 7 4 1 D + 0 1 /  ABCD0356 

ZONVERT  GEOXETRIC  ALTITUDE  T3  GE3P3TESTIAL  ALTITUDE ABCDO 3 5  7 
I F  I N  S I  U N I T S ,  CHANGE Z F r  T O  FEET  ABCD0358 
I F   ( S I )   Z F T  = ZFT * 3.280833DO A3CD3353  
HFT = ( R E F T 5 9  / ( R E F T 5 9  t Z F T ) )  * ZFT A B C 0 0 3 6 3  

CONVERT  HFT A N D  Z F T  TO KILOMETEkS  ABCD0361 
Z = FTTOKY * Z F T   A R C 0 0 3 6 2  
H = FTTOKM * HFT  ABCD0363 
K =  1 ABCD0367 
TMZ = TMB ( 2 )   A B C D 0 3 6 5  
I F  (H  .LT. - 5 . O D O  .OR. 2 . S T .  0o.ODO) GO TO 7 A B C D 3 3 5 j  
D O  1 M = 1 , 1 0   A B C D 0 3 6 7  
I F  ( H  - H B ( M ) )   2 , 3 , 1   A B C D 0 3 6 R  
CONTINUE  ABCD036C 
G O  T O  7 ABCD3373  
H = N - l  ABCD0371 

ABCD0319  
ABCD0323  
ABCD0321  
ABCD0322  
ABCD0323  
ABCD0324  
ABCD0325  
ABCD0325 
ABCD0327  
ABCD0328  
ABCD0329  
ABCD0333  
ABCDQ331  
ABCD0332  
ABCD0333  
ABCDn330  
ARCDO335 
A 3 C D 0 3 3 5  
A B C D 0 3 3 7  
ABCD3333  
ABCDc339  
E B C D 0 3 9 3  
ABCD0341  
ABCDO 3 4  2 

DELH = H - H B ( M )  
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I F  (ALFl(f l )  .EQ. O.OD0) GO T O  4 
TBK = T B B  (fl) + ALR(I1)  * DELH 

DELTA = D E L T A B ( H )  * ( ( T f i B ( H )  / rflK) ** (GZ * AflZ / 

GO T O  5 

C G R A D I E N T  IS NON Z E R O ,   P A G E  10, E Q U h T I 3 N  1.2.10- (3) 

1 ( R S T A R  * ALII (fl) ) ) ) 

4 THK = T N B ( f i )  
C G R A D I E N T  I S  ZERO,   PAGE l o ,  E Q U A T I 3 N   I . 2 . 1 0 - ( 4 )  

5 THETA = TflK / TNZ 
D E L T A   D E L T A B ( B )  * D E X P ( - S Z  * ' A M 2  * DELH / ( R S T A R  * T R B  (1)) ) 

S I G H A  = DELTA 1 THETA 
ALPHA = DSQRT ( T H E T A  ** 3) * ((TMZ + S)  / (rMK + S ) )  

TH = 1 . 8 D O  * TflK 
RHO = RHOZ * S I G H A  / GZENG 
CA = CAZ * D S Q R T   ( T H E T A )  
AMU = AMUZ * ALPHA / GZENS 
IF (SI) GO T O  100 
GO TO 1 0 1  

100 TN = Tfl / 1.8DO 
RHO = RHO * 5 1 5 . 3 7 9 D 0  
CA = CA * . 3 0 4 8 D O  
AflU = AHU * 4 7 . 8 8 0 2 5 8 D O  

C C O N V E R S I O N   T O   E N G L I S H   U N I T S  

zpr = ZFT / 3.26083300 
C I F  I N  S I  U N I T S :  
C T H   D E G R E E S   K E L V I Y  
C RHO  KG/M**2 
C CA  M/SEC 
C A M U  ( N - S E C ) / M * * 2  
C Z FT M 
131 C A L L   O V E R P L  (J) 

I F  (J  .EQ. 2) RETURN 
K = K + 2  
RETURN 

RETURN 
END 

7 K = 2  

Block Data 

BLOCK  DATA 
I H P L I C I T   R E A L * 8   ( A - H , O - Z )  

C T H E S E   A R E   T H E   G E N E R A L I Z E D   R A P S  F O F  A N  T J N R E A L I S T T C  SUPERSONIC 
C ENGINE.   THEY  INCLUDE:  FAN, I N r F R M E D I A T E  FAN, C O M P F S S S O R ,  
C CONBUSTOR,  A N D  H I G H ,   I N T E R i l E D I A l ' E  A Y D  LOU T U R B I N E S .  

COMMON /COMDAT/   CORD  (5 '423)  
D I M E N S X O N   C N X f ( 1 5 ) ,   P R X F ( 1 5 , 1 5 ) ,   d A C X P ( 1 5 , 1 5 ) ,   E T A X F ( 1 5 , 1 5 ) ,  

A B C D 0 3 7 3  
A B C D 0 3 7 0  
A B C D 0 3 7 5  
A A C D ~ 3 7 6  
A B C D 0 3 7 7  
A B C 3 Q 3 7 3  
A B C D 0 3 7 ?  
A B C D 0 3 9 ?  
ABCDO 3@ 1 
ABCDO 3 P 2  
A R C D 0 3 9 3  
ABCDC387 
b B C D 0 3 9 5  
A B C D 0 3 8 6  
A B C D 0 3 9 7  
A B C D 0 3 8 9  
A B C D 0 3 3 3  
A B C D C 3 0 3  
ABCDO 3 9  1 
4 R C D O 3 3 2  
ABCDC 39 3 
A B C D 0 3 3 7  
A P C D P 3 P S  
A B C 3 0 3 3 6  
A 9 C D C 3 0 7  
A B C D 0 3 3 3  
A B C D n 3 9 9  
ABCDCUDO 
ABCDO c 5  3 1 
ABCDI?I:02 
A B C 3 ' 3 4 3 3  
AqCDCGC'J 
A 3 C 3 ' 1 4 3 5  
A B ( 3 D 3 4 @ C  
ABCDnt lD7 
ABCDO4 '39 
ABCDOU33 

A3)CDQQ 1 2  
ABCD01111 
A 3 C D ' ? U l  i 
A 3 C C 3  u 1 3  
ABCDOU'14 
F E C 9 1 ? 4 1 J  
ABCDCi415 

1 N P T P  (15) A E C C O c 2 1  
DIMENSION P S I X R ( I S ) ,  ~ ~ ~ ~ ~ ( 1 5 , 1 5 1 ,  E T A X B ( ~ ~ , ~ ~ ) ,  ~ ~ r 9  ( 1 5 )   A B C r J O Q 2 2  
D I M E N S X O N   T F F X H ( 1 5 )  , C N X 3 ( 1 5 , 1 5 ) ,   D H T C X H ( ? 5 , 1 5 ) ,   E T A F X H ( 1 5 , 1 5 ) ,  APCDi?u23 
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1 NPTTFH ( 1  5) 

1 NPTTFI   (1  5) 
DIMENSION T F P X I ( I 5 )  , C N X I ( 1 5 , 1 5 ) ,  DHTCXXI(15,15) , ETATXI(15 ,15 )  , 
DIMENSION CNXTl  (15,1(1) ,   CfJXI2(15,1)  
UIUENSION TFFXL(15) ,   CNXL(15,15) ,   DHTCXL(15,15)  , EPAI 'XL(15,15) ,  

DIMENSION CNXL1(15 ,14) ,   CNXL2(15 ,1 )  
EQUIVALENCE (CNXP ( I ) ,  COMD ( 1 )  ) , (PRXP(   1 ,1)  , CORD ( 1 6 )  ) , 

1 NPTTFL (1 5 )  

1 ( W A C X P ( l , l ) ,   C O M D ( 2 4 1 ) ) ,   ( E T A X F ( l , 1 ) ,   C O N D ( 4 6 6 ) ) ,  
2 (NCNF, COKD ( 5 2 9 6 )  ) , (NPTF ( 1 )  , COMD ( 5 2 9 7 )  ) 

1 (WACXIN(1,l)  , C O M D ( 9 3 1 ) ) ,   ( E T A X I N ( l . l ) ,   C G M D ( 1 1 5 6 ) ) ,  
2 ( N C N I ,  C O a D ( 5 3 1 2 ) )  , (NPTI   (1)  , Z O M D  ( 5 3 1 3 ) )  

1 ( U A C X P ( l , l ) ,   C O B D ( 2 3 1 1 ) ) ,   ( E I A X P ( l , l ) ,   C O M P ( 2 5 3 € ) ) ,  
2 (NCNP,  COMD(5344) ) , (NFTP ( 1) , Z3!lD ( 5 3 4 5 )  ) 

1 ( E T A X E ( 1 , 1 ) ,   C O M D ( 3 @ 0 1 ) ) ,  (NPSB,  C O Y D ( 5 3 6 0 ) )  , 
2 (NPTB(1)  , COMD ( 5 3 6 1 ) )  

1 (3HTCXH(1,1) , C O Y D ( 3 4 6 6 ) ) ,   ( ? T l T X H ( 1 , 1 ) ,   ? O ! l D ( 3 6 9 1 ) ) ,  
2 (hTFFSH, COMD ( 5 3 7 6 )  ) , ( N P T T F H  ( I ) ,  C q Y D  ( 5 3 7 5 )  ) 

EQUIVALENCE (CNXIN [ 1) , CDMD(691) ) , (PBXIN ( 1 , l )  , C D V D  (706)  ) , 

E Q U I V A L E N C E  (CNXP ( 1 )  , COYD ( 2 0 7 1 )  ) , (PRXP ( 1  , 1 )  , C O Y D  (2OR5) ) , 

E Q U I V A L E N C E  ( P S I X B ( 1 ) ,   C O M D ( 2 7 5 1 ) )  , ( D E L X B ( 1 , 1 ) ,   C 3 ! l D ( 2 7 7 6 ) ) ,  

E Q U I V A L E N C E  (TFFXH ( 1 )  , CO??T, ( 3 2 2 6 )  ) , ( C N X H (  1, I ) ,  COY2 ( 3 2 4 1 )  ) , 

E Q U I V A L E N C Z  (TF'XI ( I ) ,  C 3 Y D  ( 3 3  1 6 )  ) , (CNXi ( 1 , l )  , C O E D  ( 3 9 3 1 )  ) , 
1 (DHTCXI(1.1) e C O Y D ( ~ ~ l 5 C ~ ) )  ( E T A T X T  ( 1 , I )  COMD(L;381)),  
2 ( N T F F S I ,   C O Y D ( 5 3 9 2 ) ) ,   ( N P l ' T F I ( l ) ,   C O Y D ( 5 3 0 ? ) )  

E Q U I V A L E N C E  ( C Y X I ( l , l ) ,  C Y X I 1 ( 1 , 1 ) ) ,  ( < N X 1 ( 1 , 1 5 ) ,   Z K X I 2 ( 1 , 1 ) )  
EgUiVALENC3 (TPFXL  (1)  , C3MD ( $ 3 3 5 )  ) , ( C N Y L  ( I ,  1 )  , C D ' I D  ( 4 6 2 1 )  ) ,  

1 ( D H T C X L  ( 1 ,   1 )  , C O Y D  ( L L Y " ) )  , ( S r R T X L  ( 1 , l )  , CO3D (5G71)  ) , 
2 (NrFFSL,  C O Y U  ( 5 4 0 8 )  ) , (?r 'PTTFL(  1) , C @ f l P ( 5 4 0 9 )  ) 

L Q U I V A L E N C L  ( C N X L ( 1 , 1 ) ,  CNXL1 ( 1 , l ) )  , ( C X X S ( l , l ' ) ,  CKXLZ(1, 1)) 
D A T A  I iCNF,  N P T F  / 10, 6 ,  3 * 7, 5 * 1 0 ,  5, 5 * 0 / 
D A T A  C N X P  / - 3 ,  .4 ,  - 5 ,  .j, .?, . 3 ,  .a, 1 . 3 ,   1 . 1 ,   1 . 2 ,  3 * 0.9 / 
D R T A  PSXF / AECD3G55 

2 1 . 3 7 6 ,  1 . 3 4 4 ,  1 . 1 5 4 ,   l . l t ? i ,  ? * 3 . @ ,   1 . 0 2 6 ,   1 . 0 4 ,   1 . 3 5 1 2 ,   1 . C P @ , A R C 3 3 4 5 3  
3 1 . 1 1 8 4 ,   1 .  l t . ,  1 . 1 5 2 ,   1 . 1 3 5 2 ,   1 . 2 2 ,   1 . 3 1 2 ,  5 * C.C, 1.03814, ABCD'! 4 5 3 
1' 1 . 9 5 8 4 ,  1.C.3, l . l 2 L ,   1 . 1 3 3 ,   1 . 2 ,   1 . 2 1 3 2 ,   1 . 2 2 0 8 ,   1 . 3 2 4 ,  1.4, ABCD04EO 
j 5 * 0 . 0 ,  1.?[![!.:3, 1.0752,  1.116,   1 .   16 ,   1 .164 ,   1 .229 ,   1 .25 ,   1 .294~,Z!9CDOU51 
5 1 . 4 ,   1 . 4 3 ,  3 * 0 . 9 ,   1 . 3 4 3 ,   1 . 3 3 2 ,   1 . 1 3 2 ,   1 .   1 8 5 6 ,   1 . 2 0 9 6 ,   1 . 2 5 5 2 ,  A3CDO462 
7 1 . 2 8 3 6 ,   1 . 3 4 ,   1 . 4 4 9 ,   1 . 5 t ,  C * 0.,3, 1 . 1 ,   1 . 1 ' - ' @ ,   1 . 1 3 5 2 ,   1 . 2 1 7 5 ,  ARCDO053 
d 1 . 2 7 2 ,   1 . 3 3 1 2 ,   1 . 4 ,  l . ' ,  1 . 5 6 ,  3 * p . 0 ,  1.   22U,  1 .2864,  1. 3616 ,  RBCD0467 
3 1.429,  l . 5 3 3 c ,   1 . C 6 ,  9 * 0 . 0 ,  1 . 2 4 4 ,   1 . 3 0 2 4 ,   1 . 3 9 1 2 ,   l . U ? 8 ,  ASCD@'465 
1 1 . 5 6 8 ,  1C * 9.9, 1 . 2 C 7 2 ,   1 .   3 3 2 ,   1 . 4 ,   1 . 4 8 ,   1 . 5 8 4 ,  e l  * 0.0 / ABCD0465 

D A T A  WACXF / ABCD0457 

2 750 .0 ,  5 * 3.C, 2 2 9 . d ,  270.C, 3 2 2 . 5 ,   3 7 6 . 2 ,   4 3 6 . 8 ,   7 9 9 . 8 ,   5 6 6 . 4 ,  RBCD0463 
3 5 3 3 . 6 ,   7 Q 0 . 2 ,   7 5 0 . 0 ,  5 * 2.C, 1 3 0 . 8 ,  2 5 3 . 2 ,   3 1 0 . 2 ,   3 5 8 . 2 ,   4 2 8 . 4 ,  ABCDOu70 
4 4 3 3 . 2 ,   5 6 f . 4 ,   6 3 3 . C ,   7 0 0 . 2 ,   7 5 0 . C ,  5 * 0.0,  1 6 6 . 8 ,   2 3 3 . 4 ,   2 9 1 . 6 ,  EBCDO471 
5 3 4 3 . 2 ,  420.5,  4 3 5 . 4 ,  5 E 9 . 3 ,  5 3 3 . 0 ,   7 n 0 . 2 ,  750.0,  5 * 0.0,  133.2,  ABCD0472 
5 2 3 9 . 4 ,   2 5 q . 0 ,   3 1 3 . 2 ,   4 0 6 . 3 ,   4 7 6 . & ,   5 5 3 . 2 ,   6 2 5 . 8 ,   7 0 0 . 2 ,   7 5 0 . 0 ,  ABCD0473 
7 5 * C.0, e b . 4 ,  1 9 3 . 6 ,   2 4 3 . 0 ,   2 7 5 . 6 ,   3 9 3 . 0 ,  4E6.8, 544 .8 ,   616 .8 ,  ABCD0474 
8 6 4 3 . 4 ,   7 5 0 . 0 ,  6 * 0 . 0 ,   1 5 6 . 6 ,   2 1 3 . 6 ,   2 6 5 . 4 ,   3 8 8 . 2 ,  1 5 6 . 6 ,  528 .6 ,  ABCD0475 
5 6 C 0 . 0 ,   t 9 3 . 6 ,  7 4 9 . 4 ,  2 * 3 . c ,  3 5 3 . 4 ,   4 4 8 . 2 ,   5 0 9 . 4 ,   5 5 6 . 8 ,   6 8 3 . 4 ,  P.BCD0475 
1 736 .8 ,  9 * 0.0, 3 6 E . 6 ,   n 3 3 . 2 ,   4 8 3 . 0 .   5 7 6 . 6 ,   6 6 6 . 6 ,   1 0  * 0.0, ABCDC477 

1 10 * 1 .0 ,  5 * 9 .0 ,  1 . 0 1 2 ,   1 . 0 2 ,   1 . 3 2 5 5 ,   1 . C 3 6 8 ,  1 . 0 6 4 ,  1.   1,   AaCD0457 

1 243 .6 ,  2 t 6 . 8 ,  33-7.6,   3F3. L;, 3 3 9 . 3 ,  499.6,  566.4 ,   633 .6 ,   700 .2 ,   ASCD0469 
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2 342.6,  406.8, 474 .0 ,   553 .2 .   656 .4 ,   81  * 0.0 / P.BCD01a73 
DATA ETAXF / P . 3 C D O 4 7 9  

1 2 * -75592 ,   . 75064 ,   . 74536 ,   . 72512 ,   . 6P816 ,   . 64152 ,   . 60016 ,  P.@C3CL'53 
2 . 5 6 9 3 6 ,   - 5 1 7 4 4 ,  5 * 0.0, . 7 6 1 2 ,  5 * . 7 7 6 1 6 ,   . 7 2 5 1 2 ,  3 * . 6 4 1 5 2 ,  ABCD9481 
3 5 * 0.0, .76648,   .792 ,   .80256,  3 * . 82808 ,   . 7761€ ,  3 * . 7 2 5 1 2 ,  AECDO432 
4 5 * 0.0, . 7 5 5 9 2 ,   . 7 9 7 2 6 ,   . 8 2 9 0 3 ,  3 * .85448, . 82808 ,  2 * . 77616 ,  AECDCU83 
5 . 7 5 5 9 2 ,  5 * 0.0. . 7 2 5 1 2 ,   . 8 0 2 5 6 ,   . 8 4 3 9 2 ,  3 * . 8 8 ,  . 3 5 8 8 8 ,  .82908,P.BCDCCPU 
6 . 8 0 2 5 6 ,   - 7 6 1 2 ,  5 * 0.0, . 6 4 1 5 2 ,   . 7 7 6 1 6 ,  2 * . 6 2 8 0 8 ,  2 * . 3 9 1 1 2 ,  ABCD0435 
7 .88, - 8 5 9 8 8 ,   . E 0 7 8 4 ,   - 7 5 3 6 4 ,  5 * 0 . O s  -740'118, . 7 7 5 1 6 ,   , 8 0 7 9 4 ,  A E C D O 4 E 6  
8 .90376,   .9108,   .90112,  .88, , 8 0 2 5 6 ,   . 7 2 5 1 2 ,  9 * 0.0,  2 * . 90112 ,  ki3CDOL157 
9 -88, .85888, . 7 7 € 1 6 ,   . 6 4 1 5 2 ,  3 * 3.0, 2 * - 8 8 ,  2 * .Y290A, A R C D O U f l S  
1 . 7 4 5 3 6 ,   1 0  * 0.0,  .82808,   .A272,   .81752,   .78672,   .72512,  A R C D O f i E 9  

D A T A  N C N I ,  N P T I  / 1 0 ,  6 ,  3 * 7, 5 * 1 0 ,  8, 5 * 0 / ABCDOk91 
D A T A  C N X I N  / .3,  .4, -5, .6 ,   .7 ,  - 9 ,  . 9 ,  1.0,  1.1,  1.2, 5 * 0.0 / ARPD0432 
D A T A  PRXIN / ARCD0493 

1 10 * 1.0,  5 * 0.0, 1 .018,   1 .03,   1 .0384,   1 .G552,   1 .036,   1 .15,  ABCDC43U 
2 1 .114 ,   1 .066 ,   1 .156 ,   1 .2448 ,  5 * 0.0 ,   1 .042 ,   1 .06 ,   1 .9769,  ABCD0495 
3 1.132,   1 .1776,   1 .24,   1 .228,   1 .2028,   1 .33,   1 .468,  5 * 0.0, 1.0576,A9CDC435 
4 1 .0876 ,   1 .12 ,   1 .186 ,   1 .222 ,   1 .3 ,   1 .3288 ,   1 .3312 ,   1 .486 ,   1 .6 ,  ABCDC497 
3 5 * 0.0, 1 .0672,   1 .1128,   1 .174 ,   1 .2 '4 ,   1 .276 ,   1 .342 ,   1 .39 ,   l .~J416,k3CD0~!98 
6 1 .6 ,   1 .72 ,  5 * 0.0, 1.072,   1 .138,   1 .198,   1 .2844,   1 .31U4,   1 .1926,  ABCD0493 
7 1 .4344 ,   1 .51 ,   1 .672 ,   1 .81 ,  6 * 0.0,  1 .15 .   1 .222 ,   1 .2928,   1 .3264,  ABCD353: 
8 1 .408 ,   1 .4968 ,   1 .6 ,   1 .75 ,   1 .87 ,  9 * 0.0, 1.336,   1 .4296,   1 .542 ,  ABCD0501 
9 1 .642 ,   1 .6004,   1 .99 ,  9 * 0 .0 ,  1 .366 ,   1 .&53€ ,   3 .5868 ,   1 .672 ,  ABCD0502 
1 1 . 8 5 2 ,   1 0  * 0 . 0 ,  1 .4OC8,   1 .493 ,   1 .6 ,   1 .72 ,   1 .876 ,   81  * 0 . 0  / ARCDOC33 

D A T A  W A C X I N  / ARCD0534 
1 1 2 1 . 8 ,   1 4 3 . 4 ,   1 6 6 . 8 ,   1 9 1 . 7 ,  219.9,  249.9, 283.2,   316.8,   350.1,  ABCDOCCS 
2 375 .0 ,  5 * 0.0, 114 .9 ,   135 .0 ,   161 .4 ,   188 .1 ,   216 .4 ,   249 .9 ,   283 .2 ,  RBCD0535 
3 316 .8 ,   350 .1 ,   375 .0 ,  5 * 0 .0 ,  39.3, 126.6 ,   155 .1 ,   179 .1 ,   214 .2 ,  A B C D @ E O 7  
4 246.6,   283.2,  3 1 h . 8 ,  350.1,   375.0,  5 * 0.0, 83.4, 116.7,  llC5.8, ABCD0533 
5 170.1,   210.3,   242.7.   279.3,   315.5,   350.1,   375.0,  5 * 0.0,  66.6, ABCDC5GP 
6 104.7,   129.9,   156.6,   203.4,   238.2,   276.6,   312.9,   350.1,   375.0,  ABCD0510 
7 5 * 0.0, 43 .2 ,   91 .8 ,   120 .0 ,   133 .3 ,   196 .8 ,   233 .4 ,   272 .4 ,   308 .4 ,  ABCDOf.11 
8 349.2,   375.0,  6 * 0.0,   79.3,   196.8,   133.2,   194.  1, 228.3,   264.3,  ABCD0K12 
9 300.0, 346.8,   374.7,  9 * 0.0,  191 .7 ,   224 .1 ,   254 .7 ,   233 .4 ,   341 .7 ,  ABCD0513 
1 368.4,  9 * 0.0 ,   184 .2 ,   216 .6 ,   241 .8 ,   288 .3 ,   333 .3 ,   10  * 0.0 ,  ABCDO514 
2 171.3,   203.4,   237.0,   276.6,   328.2.   81 * 0.0 / ABCDC15 1 5  

D A T A  ETAXIN / ABCD0515 
1 2 * . 7 5 5 9 2 ,   . 7 5 0 6 4 ,   . 7 4 5 3 6 ,   , 7 2 5 1 2 ,   , 6 8 8 1 6 ,   - 6 4 1 5 2 ,   . 6 0 0 1 6 ,  APCDO'17 
2 . 5 6 9 3 6 ,   . 5 1 7 4 4 ,  5 * 0.0, . 7612 ,  5 * , 7 7 6 1 6 ,   - 7 2 5 1 2 ,  3 * . 5 4 1 5 2 ,  ABCD0513 
3 5 * 0.0, - 7 6 6 4 8 ,   . 7 9 2 ,   , 8 3 2 5 6 ,  3 * .828OE,  .76616,  3 * . 7 2 5 1 2 ,  ABCDO519 
4 5 * 0.0, , 75592 ,   . 7?728 ,   . 82808 ,  3 * .85&48, .82808, 2 * . 7 7 6 1 0 ,  ABCDQ520 
5 .75592 ,  5 * 0.0, - 7 2 5 1 2 ,   . 8 ( 3 2 5 6 ,   . 8 4 3 9 2 ,  3 * . 8 8 ,  .85888, .828@8,ARCD05,21 
6 . 80256 ,   . 7612 ,  5 * 0.0, , 6 4 1 5 2 ,   . 7 7 6 1 6 ,  2 * . 8 2 8 0 8 ,  2 * , 9 0 1 1 2 ,  ABCD0522 
7 .88, .85888, - 8 0 7 8 4 ,   . 7 5 3 6 4 ,  5 * 0 . 0 ,  . 7 4 0 0 8 ,   . 7 7 6 1 6 ,   . 8 0 7 8 4 ,  ABCD0523 
8 . 9 0 3 7 6 ,   . 9 1 0 8 ,   . 9 0 1 1 2 ,  - 9 8 ,  . 3 0 2 5 6 ,   . 7 2 5 1 2 ,  9 * 0.0, 2 * . 90112 ,  ABCD0524 
9 -88, .85888, , 7 7 6 1 6 .   - 6 4 1 5 2 ,  9 * 0.0, 2 * .88, 2 * . 3 2 8 0 8 ,  ABCDO525 
1 - 7 4 5 3 6 ,   1 0  * 0.0, . 8 2 8 0 8 ,   - 8 2 7 2 ,   . 8 1 7 5 2 ,   - 7 8 6 7 2 ,   . 7 2 5 1 2 ,  ABCD0526 
2 81 * 0.0 / ABCD0527 

DATA NCNP, NPTP / 1 0 ,  2 * 5 ,  2 * 8, 4 * 10, 2 * 8, 5 * 0 / ABCD0528 
DATA CNXP / .562 ,   .674 ,  -787, . 8 9 9 ,  1.0, 1 .034 ,   1 .067 ,   1 .124 ,  ABCD0529 

1 1.236,   1 .292,  5 * 0.0 / ABCD0530 
DAI'A PEXP / ABCD0531 

2 81 * 0.0 / ARCPCU93 
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1 10 * 1.0, 5 * 0.0, 1.84,  1.966.  1.84,  2.008,  2.519,  2.855, 3.261,ABCD0532 
2 1.686, 4.353,  3.765, 5 * 0.0, 2.428,  3.093,  2.68,  3.429,  3,982, ABCDq533 
3 4,297,  4.759,  3.849,  7.622,  6.481, 5 * 0.0, 2.869,  3.933,  3.408, ABCD0534 
4 4.605,  5.277,  5.613,  6.117,  5.766,  10,219,  9,176, 5 * 0.0, 3.835,ABCD0535 
5 4.689,  4.521,  5.697,  6.488,  6.936,  7.454,  6.866,  11.059,  10.210, ABCD0535 
6 5 * 0.0, 4,549, 5.529.  5. $45, 6.614,  7.202,  7.622,  8.308,  8.371, ABCD0537 
7 11.899,  11.479, 7 * 0.0, 6.313,  7.538, 8.0, 8.546,  9.218,  8.056, ABCD0538 
8 13.159,  12.711, 7 * 0.0, 5.523,  7.958,  8.567,  9.134,  9.638, ABCD0539 
9 9.883, 13.656, 14.412, 9 * 0.0, 9.386,  9.925,  10.513,  10.912, AECD0543 
1 1 1  * 0.0, 9.596,  10.219,  10.936,  11.815, e2 * 0.0 / ABCD0541 
DATA WACXP / ABCD0542 

1 51.0,  59.3,  70.0, 84.8, 101.7,  103.7,  114.5.  122.9,  139.8, 146.2,ABCD05Y3 
2 5 * 0.0. 50.2,  59.3,  70.0,  84.8,  101.7,  108.1,  114.5,  122.9,  P.BCD0577 
3 139.8,  146.2, 5 * 0.0, 43.5,  58.3,  70.0, 80.8 ,101.7, lo€!. 1, ABED057 5 
4 114.5,  122.9,  139.8,  146.2, 5 * 0.0, 48.8,  57.9,  69.5,  87.8, ABCD0545 
5 101.7,  108.1,  114.5,  122.9,  139.3,  146.2, 5 * 0.0, 46.7,  56.7, ABCD0547 
6 68.8, 84.0, 101.2,  107.6,  114.5,  122.9,  139.8,  146.2, 5 * 0.0, AECI'D05$3 
7 44.5, 55.0, 67.9,  83.3,  131.0,  107. 1, 1'14.3,  122.9,  139.5, 1@6.2,ABCD@549 
8  7 * 0.0, 66.4,  81.7,  100.0,  106.7,  113.6,  122.6,  139.3,  146.2, ABCD0553 
9  7 * 0.6, 65.7, 80.5, 99.5,  105.0,  113.3,  122.1,  139.0,  146.2, ABCDQ551 
1 9 * 0.0, 98.1,  104.5,  112.6,  121.7, 1 1  * 0.0, 97.4, 1ob.0, 112.4,ABCD0552 
2 120.7, 82 * 0.0 / ABCD0553 
DATA ETAXP / ABCD0557 

1 2 * .54082, -58566, .5805,  .5719,  .57c18, .55985, .53922, .47644,AECD0555 
2  .46612,  5 * 0.0, ,62178. 6 * .64242, .57018, .60114,  .57018, ABCD0555 
3 5 * 0.0, -64242,  -69402, .5837, 4 * .72498, .642U2, ,72998,  ABCD0557 
4  .64242,  5 * 0.0, .65274,  2 * -72498, 4 * -77740, .72498,  .77744, ABCD0553 
5 .72498, 5 * 0.0, -67338, .74552, .77744, 4 * .8084, .77744,  ABCD0559 
5 .7826,  .75078,  5 * 0.0. .64242, .72498, .79292, .32004, ABCD9553 
7 3 * .83936, ,8084, -77744, .75078, 7 * 0.3, .77744, .9084, ABCD0561 
8 2 * -86, .84968,  .82388,  2 * .72498, 7 * 0.0, .7697, .79292, ABCD0562 
9 4 * .83936, -69918,  -64242, 9 * 3.0, 4 * .8084. 1 1  * 0.0, .805&2,ABCD0563 
1 .3041, ,79808, .77744, 82 * 0.0 / ABT3055? 
DATA NPSB,   NPTB / 15, 15 * 15 / ABCD0565 
DATA PSIXB / 4.91  16,  9.8232,  14.735,  19.646,  24.558,  29.47, ABCD0565 

1 34.381, 39.293,  44.207,  73-67'),  100.0,  200.0, 300.0, 400.0, ABCDn567 
2 500.0 / BBCD@55 3 
DATA DELXB / 15 * 200.0, 15 * 303.3,  15 * 490.0, 15 * 500.0, ABCD0569 

1 15 * 600.0,  15 * 7C0.0,  15 * 800.0, 15 * 900.0,  15 * 1000.0, ABCDO573 
2 15 * 1100.0,  15 * 1200.0, 15 * 1330.0,  15 * 1400.0, 15 * 1599.0, kBCD0571 
3 15 * 1600.0 / kBCDC572 
DATA ETAXB/  ABCD3573 

1 -6, .758, .868, .925, .95, -933, 9 * 1.0, .726, -825, .893, .936,ABCD057h 
2 .966, ,991, 9 * 1.0, .777,  .858, .911, .946, .972, .932, 9 * 1.O,ABCD@575 
3 .806, -875,  -925, ,955, . 3 7 7 ,  .994,  9 * 1.0, .826, .88R, .935, ABCDQ575 
4 .933,  .982, ,995,  9 * 1.0, .843,  .898,  .942,  .969,  .985, .997, ABCDO577 
5  9 * 1.0, .855,  .906,  .947, -974, .99,  .998, 9 * 1.0, . 8 6 5 ,  .912, AHCD0573 
6 ,951, ,977, .992,  .999, 9 * 1.3, .87,  .914,  .953,  .978,  .?93, ABCD0579 
7  2 * .999, 8 * 1.0,  .87, .315. ,953, .979,  .995, 2 * .339, ABCDOSe3 
8 8 * 1 .O, -87, .915, .953, -973, .395, 2 * -999, 8 * 1.0, .87, ABCD0581 
9 .315,  .953, ,979, .935, 2 * .999, 8 * 1.0,  .87, .915,  .953, .979,hBC30592 
1 .995,  2 * .999, 8 * 1.0, . E l ,  .915, . Q 5 3 ,  .970,  .9S5, 2 * .999, A3C305R3 
2 8 * 1.0, .87, -915, .953,  .?79-, -995, 2 * -999, 8 * 1.0 / ABC30587 
DATA NTFPSH,  NPTTFII / 10, 9 * 15, 12, 5 * 0 / ABCD0535 
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D A T A  TPFXA / 39.67,   42.99,   47.16,   48.61,   49.175,   49.6,   50.0,  

DATA CNXB / 
1 50.425,  50.92,  51.575, 5 * 0.0 / 

1 10 * - 1 8 7 2 ,  5 * 0.0. . 3372 ,   . 3942 ,   , 4362 ,   . 255 ,  - 3 ,  . 3 5 6 8 ,   . 4 3 1 4 ,  
2 . 4834 .   -3372 .   -2814 ,  5 * 0.0, . 5156 ,   . 5814 ,   . 6568 ,   . 4784 ,   , 525Q. ,  
3 . 6 1 9 6 ,   . 6 8 4 4 ,   . 7 3 1 4 ,   . 5 3 4 9 ,   - 3 3 0 4 ,  5* 0.0,  2 * . 7 1 2 8 ,   . 8 7 2 6 ,  
4 .6942,  -75,  -8628,   .9568,   .8814,   .6754,   .4686,  5 * 0.0. . 9 3 8 2 ,  
5 . 8 4 4 2 ,   1 . 0 6 9 6 ,   . 9 1 4 8 ,   - 9 7 5 4 ,   1 . 0 9 3 2 ,   1 . 2 0 1 0 ,   1 . 0 2 2 6 ,   . 8 0 6 5 ,  
6 .5628. 5 * 0.0, 1 .1442,   .9804,   1 .2382,   1 .1442,   1 .2754,  1. 2PE.2, 

8 1.3882,   1 .4824,  1.501, 1.5108,  1 .2804 ,  1 .0128,   .6892,  5 * 0.0,  
9 1.5382, 1 .2754,   1 .6882,   1 .5618,   1 .7638,   1 .6882,   1 .6186,   1 .3696,  
1 1 . 1 2 5 4 ,   , 7 3 6 2 ,  5 * 0.0, 1 .7263,   1 .445 ,   1 .9696,   1 .801 ,   2 .045 ,  
2 1 .9138,   1 .745,   1 .4638,   1 .2196,   .7696,  5 * 0.0, 1 .9324,   1 .70E8,  
3 2.2138,   1 .9794,   2 .3362,   2 .1245,   1 .8618,   1 .595,   1 .3138,   .QO6P,  
4 5 * 0.0, 2 .15,   1 .9696,   2 .552,   2 .2794,   2 .645,   2 .2706,   1 .9558,  
5 1 .6746 ,   1 .3696 ,   -8254 ,  5 * 0.3, 2.4058,   2 .2706,   2 .805 ,   2 .5138,  
6 2.8706,   2 .4226,   2 .0 ,   1 .745,   1 .4068,   .8304,  5 * 0.0,  2 .5832 ,  
7 2.697,   3 .0392,   2 .8334,   3 .3764.   2 .495,   2 .045,   1 .PO1,   1 .445,  
8 6 * 0.0, 2 .7862,   3 .096,   3 .2648,   3 .1422,   3 .152,   2 .5372,   2 .0824,  
9 1 .8156 ,   1 .4638 ,  6 * 0.0,  2 .945,  3 * 3.3774,   3 .1618,   2 .5558,  
1 2.101,  1.8196,  1.4676, 6 * 0.0 / 

1 .0032 ,   . 0038 ,   . 0046 ,   . 0052 ,   . 0056 ,   . 0068 ,  ,008, .0@39, . 0 @ ? 3 ,  
2 . 0132 ,  5 * 0 .0 ,  . 0 0 5 7 ,  . O O 8 ,  - 0 1 ,   . 0 0 6 8 ,  .0088, - 0 1 2 ,   . 0 1 6 4 ,  
3 . 019h ,   . 0159 ,   . 018 ,  5 * 0.0, .008U, . 0113 ,   . 0144 ,   .O12 ,   . 014u ,  
4 . 0192 ,   . 0236 ,   .O272 ,   . 0232 ,   . 3223 ,  5 * 9.0, -0108 ,  . 0136 ,   .O lRQ,  
5 . 0164 ,   . 0192 ,   . 0252 ,  .0308, - 0 3 1 6 ,   . 0 2 8 4 ,   . 0 2 6 8 ,  5 * 0.0, . 0 1 3 3 ,  
6 - 0 1 5 6 ,   - 0 2 1 6 ,   . 0 2 0 4 ,   . 0 2 3 5 ,   . 3 3 ,   . O 3 7 2 ,   . 0 3 5 6 ,   . C 3 3 ,   . 0 3 1 4 ,  
7 5 * O.G, . 0152 ,   . 0176 ,   . 024 ,   . 0244 ,   . 0288 ,   . 034 ,   .C416 ,   . 0332 ,  
8 . 0 3 6 8 ,   - 0 3 5 2 ,  5 * 0.0, . 3 1 6 4 ,   . 0 1 9 2 ,   . 0 2 6 8 ,   . 0 2 8 ,   . 0 3 2 1 ,  .0391', 
9 .0448, . 0 4 3 2 ,   . 0 4 ,   . 0 3 6 ,  5 * 3.0,  . 0 1 7 4 ,   - 0 2 1 2 ,   . 0 2 9 2 ,  .0304. 
1 . 036 ,   . 0421 ,   . 0476 ,  .046 ,  .0442,   .0412,  5 * 0.0,  .0179, . 0 2 2 8 ,  

3 .0176,   .0248,   .0331,   .0356,   .0444,   .0524,   .0544,  .0528,  . 0 5 2 4 ,  
1) . 0476 ,  5 * 0.0 ,  . 0167 ,   . 326 ,   .D344 ,   . 0388 ,   . 0496 ,   . 3564 ,  . 0 5 7 6 ,  
5 .056 ,   .0556,   .0504,  5 * 0.0 ,  , 0 1 4 4 ,   . 0 2 6 1 ,   , 0 3 4 6 ,   . 0 4 1 2 ,  , 0 5 4 ,  
6 , 0 6 1 2 ,   . 0 6 ,   , 0 5 9 6 ,   - 0 5 8 ,   . 0 5 3 ,  5 * 0 .0 ,   . 012 ,   -0241 ,   .O34 ,   . 04Ul ,  
7 . 0596 ,   . 064 ,   . 0624 ,   -064 ,   .@612 ,  6 * 0.0,  .OG82, . 0 1 8 8 ,   . 0 3 2 4 ,  
8 - 0 4 7 2 ,  .064, , 0 6 6 8 ,  . O E 5 ,  . 0 6 5 1 ,   . 0 6 4 ,  6 * 0 . 0 ,  . 0 0 3 4 ,  - 0  128, 
9 . 0 3 1 2 ,   . 0 4 9 4 ,   - 0 6 6 1 ,   . 0 6 9 8 ,   . 0 7 ,   . 0 6 9 3 ,   . 0 6 6 8 ,  5 * 0.0  / 

1 . 5 2 1 9 ,   . 6 0 6 8 ,   . 5 7 6 4 ,   - 5 6 4 3 ,   - 5 5 6 2 ,   . 5 3 0 9 ,   . 5 0 6 2 ,   - 5 0 5 1 ,   . 4 3 C 9 ,  
2 . 4 2 5 7 ,  5 * 0.0, 3 * . 7078 ,  5 * . 6068 ,   . 538 ,   .U747 ,  5 * 0.0,  
3 - 7 8 6 8 ,  2 * .809, 5 * . 7 0 7 3 ,   . 5 0 5 3 ,   . 5 9 5 6 ,  5 * 0 . 0 ,  . 9 0 9 ,   . 8 2 9 2 ,  
4 . 8494 ,  4 * . 8 0 9 ,   . 7 6 6 5 ,   . 6 5 7 3 ,   . 5 3 5 9 ,  5 * 0.0, .809 ,   .R353,  
5 . 8 5 4 3 ,  4 * - 8 4 9 4 ,   . 8 0 9 ,   . 7 0 7 9 ,   . 5 o 8 3 ,  5 * 0.0, - 7 9 6 3 ,   , 8 3 9 3 ,  
6 . 3 5 1 5 ,   . 8 5 9 6 ,  3 * . 8 6 9 7 ,   . 8 2 ? 2 ,   . 7 4 6 3 ,   . 5 9 4 1 ,  5 * 0.9, . 7 7 7 9 ,  

8 5 * 0.0, . 7 4 2 2 ,   . 9 3 0 2 ,   . 8 4 0 9 ,   , 8 5 7 5 ,   . 8 6 6 2 ,  2 * - 8 8 9 9 ,   . 3 5 9 5 ,  
9 ,809, . 6 1 7 8 ,  5 * 0 .0 ,  . 7 3 7 8 ,   - 9 2 5 4 ,   . A 2 6 2 ,   . 8 5 3 5 ,   . 8 6 1 5 ,  -8911, 
1 . 8 9 5 4 ,   . 8 6 9 7 ,   . 8 1 9 1 ,   , 6 2 4 ,  5 * 0 . 0 ,  . 7635 ,  2 * . 809 ,  .8Lt34, 
2 .8555, . 8 9 6 9 ,  .9, - 8 8 0 8 ,  .A332 ,   . 531 ,  5 * O.C, . 6 0 6 9 ,   . 7 6 9 6 ,  
3 . 7579 ,   . 8363 ,   . 852 ,   . 8975 ,  .?01, . 8 8 4 5 ,   . 6 3 4 7 ,   . 6 2 6 5 ,  5 * 0.0,  

7 1 .3834,   1 .1442,   .9196,   .6382,  5- * 0.0, 1 .3138,   1 .1069,   1 .4638,  

DATA DHTCXH / 

2 . 0 3 1 6 ,   . 0 3 3 6 ,  .04, , 0 4 7 2 ,   . o 5 1 ,  . 0 4 8 a ,  . 0 4 a ,  . O U U ,  5 * 0.0, 

DATA ETATXH / 

7 , 8 3 6 8 ,   . e 4 9 4  , . a 5 9 6  , . a 6 5 5  , . 3 3 1 3 ,   . 8 7 9 7 ,   . 8 4 9 4 ,   . 7 7 7 6 ,  . 6 0 ~ 8 ,  

P.BCDC585 
ASCDO 5 9 7 
ABCD0593 
ABCDOC89 
ABCD05?3 
P.BCDO591 
P.ECD0532 
AECD0593 
ABCD050rl 
ARCDO535 
AECDC595 
ABCDOc97 
ACCDC\S?s 
AECD3 5 3 3 
A S C D O F O Q  
ABCD@f?1 
F13CDr?502 
ASCDO 5 3 3 
F B C D Q h O S  
ABCDOt35 
ADCD060Z 
A3CDQ537 
A ! 3 C D Q E O R  
PRCDO6D3 
R B C D G E l l )  
ABCD35 11 
P .RCDT)K 12 
P.RCDS E 1 3  
A3CDr)Fl'J 
P .RCDQt  1 3  
k 3 C D O F  1 5  
AAC33€ 1 7  
ARCDO5 13  
ABCDO61:' 
ABCDGE23 
AF1CD0621 
A 3 C D D F 2 2  

. ABCDnf23 
A E C D O  F 2 1 
ABCD0625 
ABCDO F 2 3 
ABCD0627 
kECD'762Q 
4BCD0623 
ABCDn63G 
ABC79631 
ABCDnS.32 
ABCDO 6 3 3 
A9CD0633 
APCD0635 
ABCDOE36 
ABCDO537 
A P C D O F 7 9  
ABCD0633 
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9 .5309,  2 * ,7078, .8262, .8494, .8976, -9, .8848, .9363,  .5119, ABCDC693 
5  5 * 0.0, ,4773, ,6068, .5652, .909,  .8494,  .8968,  .998,  .8785, ABCD0641 
6 .8322,  6 * 0.0, ,4045, .5056, .6068, -7797, .8532, .8937, ,8925, ABCD0642 
7 .8697,  .8241, 6 * 0.0, .333G, ,4197, .5865, -7584, .857,  .8896, ABCD@643 

DATA NTFFSI, NPTTFI / 11, 3 * 15, 12, 9 ,  4 * 0 / ABCDOF.45 
DATA TCFXI / 70.776,  82.236,  93.468,  103.464,  312.835,  115.58, ABCD0645 

1 120.0, 122.676,  125.124,  127.324,  130.536, 4 * 0.0 / ABCD06.47 
DATA CNXIl / ABCDO 6 4 3 

1 1 1  * .3522,  4 * 0.0, -5134,  -5278, .5654,  ,4052, .4344, .589F, ABCD0673 
2 .7392, -5808, .5278, .457$,  .4226, 4 * 0.3, .7044,  .7575,  .8279, ABCDch50 
3  .6514,  .7044, .8008, ,9685, .7575,  .634, -6167,  -5278, * 0.0. ABCD0651 
4  .933,  1.0209,  1.0296,  .8452, .933, 1.0567,  1.2109,  ,933, .7922, ABCD0652 
5 .7218,  .6167, It * 0.0, 1.1618,  1.2322,  1.1975,  1,0567,2 * 1.2322,ABCDOh53 
6 1.4089,  1,1801, .9689,  .3279, .7044, 4 * 3.0, 1.3556,  1.3818, ~ ~ ~ ~ 0 6 5 4  
7 1.373,  1.2322,  1.4967,  1.4619,  1.6056,  1.3915,  1.1183,  .933,  P.BCD0655 
8 .7922,  4 * 0.0, 1.5497,  1.6201,  1.5497,  1.4434.  1.6548,  1.6722, ABCD0655 
9 1.7609,  1.5671,  1.1801,  1.9567, .5452, 4 * 0.0, 1.6905,  1.813, AECDOE57 
1 1.7609, 1.6722,  1.8834,  1.866,  1.9367,  1.7609,  1.3209,  1.1493, ABCDO653 
2  .8983, 4 * 0.0, 1.9367,  1.9723,  1.9367,  1.954,  2.0071, 2. 1171, ABCD0659 
3 2.0948,  1,866,  1.4619,  1.2148, .9293,  4 * 0.0, 2.1835,  2.1305, ABCD0660 
4 2.1479,  2.1131,  2.1652,  2.3245,  2.2,  1.9897,  1.5497,  1.2505, ABCD06E1 
5 5 * 0.0, 2,3593, 2.2715,  2.3245,  2.2715,  2.3274,  2.5357,  2.2889, ABCDO652 
6 2.0601,  1.6722,  1.2784, 5 * 0.3, 2.5001,  2.5089,  2.4527,  2.4915, AsCDF663 
7 2.5531,  2.7375,  2.3943,  2.1131,  1.7609,  1.2824, 5 * 0.0, 2.6941, ABCDOGES 
8 2.7471,  2.6583,  2.7471,  2.e175,  3.Oc19,  2.4471,  2.1652,  1.813, ABCD0665 
5 6 * 0.0, 2.8175, 2 * 2.9227,  2.9931,  3.0461,  3.1167,  2.5901, ABCDC655 
1 2.2009,  1.6315, 6 * 6.0 / ABCD0667 
DATA CNXI2 / AsCD0653 

1 6 * 3.1698,  2.5175,  2.2049,  1.9431, 6 * O.O/ A3CD0659 
DATA DHTCXI / ABCD0670 

1 .0016,  .0023, -0027, .0023,  .3031,  .0034, .0038, ,0042, .0047, ABCD0671 
2  ,0054,  .0061,  4 * 0.0. .3323, -0035, .0045, -0034. .0043,  .0057, ARCDO672 
3 .0076, .0069,  .007, .00E9, -0075, 4 * 0.0. .0031,  .0047,  .0063, ABCD0673 
4 .0054, -0062, .OC76, .0131 , -339, .0084, .0092,  .0093,  4 * 0.0, ABCD0674 
5 .G038,  .0061, ,0076, .0069,  .0081, .G1, .0124,  .0109,  .0104, ABCD0675 
6 .0107, -0108, 4 * 0.0, .3345, -007, .CO87,  .0084,  .0105,  .0114, ABCD0675 
7 .0142,  .0135,  .0124,  ,0123,  .0124,  4 * 0.0, .0049,  .0076,  .0098, ABCD0677 
8 .0097, .0124,  .0134,  .0153, -3155, .0141,  .0138, .014, 4 * 0.0, ARCDO673 
9 .0052, .0084, .C107,  .0111,  .0136, -015,  -0173, .0177,  .0148, ABC90673 
1 .0159, -0151, 4 * 0.0, ,3354, .0399, .0118, .0124, .0152,  .0165, ABCD0680 
2 . 0 1 9 ,  .0199,  .0166,  .0177,  .0164, 4 * 0.0, .0055,  .0092,  .0126, ABCD0691 
3 .014, -0159,  -0184,  -0207, .0213, .0184, ,0191, ,0177, 4 * 0.0, ABCD@6@2 
4 .0054,  .0094,  .0134,  .0146,  .016?,  .0199,  .022,  .023,  .0196, ABCD0693 
5 -0202, 5 * 0.0, .0051, -0095,  -0139,  -0153, .0178, .021E, ,0233, ARCD0684 
6 .0241, 2 * .0214, 5 * 0.0, .0047, . 0093 ,  .C142, .0161, .0183, ABCD0695 
7  .0228,  .025, ,0251, -0232, .0221,  5 * 0.0, .0038,  .0089,  .0146, ABCD0685 
8 .0168,  .0199,  .0251,  .0261,  .3203, ,0245,  6 * 0.0, .0031,  .0083, ABCD0587 
9 ,0147, .0172,  .0207, .C267, 2 * ,3276, .0255,  6 * C.0, .0001, ABCD0688 
1 ,9068, .0145,  .0173,  .021,  .028,  .029,  .0283, ,0267, 6 * 0.0 / ABCD0633 
DATA ETATXI / ABCD0690 

1 .712, 2 * .8, ,7995, ,775,  .76,  .731, .71, -678, .638, . 5 ,  ABCD0691 
2 4 * C.0, .73, -81, .83, 9 * .3, .745, -7, .655, -6, I, * 0.0, ABCD0692 
3 .7472,  .82,  .86, -84, .848, .345,  .83,  .768, -7125, .67,  .612, ABCD0693 

8 .8793,  .a59,  ,809, 6 * 0.0 AECD064S 
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4 4 * 0.0, - 7 3 ,   - 8 3 ,   . 8 6 3 ,  4 * .86 ,  .8, - 7 3 5 ,  .685, .617 ,  4 * 0 . 0 ,  ABCDL'699 

6 4 * 0.0, .7, .829,  ,87, . 8 7 3 ,  3 * . 8 9 ,  .86, .8, - 7 1 1 ,   . 6 % 5 8 ,  ABCDO 6 3 5 
7 4 * 0.0, - 6 8 5 ,   - 8 1 ,   , 8 7 2 ,  -88, - 8 9 1 2 ,   . 8 9 5 ,   . 8 9 3 ,   . 8 7 1 2 ,  . 8 0 6 ,  ABCDOF07 

9 - 8 2 2 5 ,   - 7 1 8 ,   . 6 2 3 ,  4 * 0.3, .6952,   .785 ,  .87, .8835,   .8955,  ABCD0699 

2 - 8 8 3 ,   - 8 9 7 ,   , 9 0 1 ,   . 9 ,   - 8 7 7 5 ,   . 5 4 5 ,  .711&, 5 * 0.0, .6 ,   .745 ,  .86, ARCDC701 

4 - 8 7 4 ,  -83,  . 9 ,   . 8937 ,   . 8722 ,   . 3445 ,   . 689 ,  5 * 0.0,  - 5 3 1 ,   . 6 8 ,  ABCD0703 

6 - 8 6 7 1 ,  -88, - 8 7 9 9 ,  .EO, - 9 2 3 5 ,  6 * 0.0, .385 ,   -59 ,   -76 ,   .82 ,   .86 ,ABCD0705 
7 .8735, .871, .848, .808, 6 4 0 .0  / ABCDO705 

DATA LJTPPSL,  NPTTPL / 1 1 ,  3 * 1 5 ,   1 2 ,   9 ,  4 * 0 / ABCD0707 
D A T A  TFFXL / 88.47,  102.795,  116.835,  129.33,  141.045,  145.725, ABCD0703 

1 150.0,   153.345,   156.405,   159.78,   163.17,  4 * 0.0 / 4BCD0?09 
D A T A  CNXLl / ABCDO 7 1 3  

1 11 * . 3 6 8 2 ,  4 * 0.0, . 5335 ,   . j 519 ,   . 5911 ,   . 4237 ,   -5065 ,   . 6164 ,  ABCD0711 
2 -7728 ,   . 6072 ,   . 5518 ,   , 4792 ,  . 1 4 1 9 ,  4 4 0.0, . 7365 ,   -7919 ,   . 8655 ,  ABCD0712 
3 .681 ,   -7365 ,   -8372 ,   1 .0129 ,   . 7919 ,   . 6629 ,   . 6447 ,   . 5518 ,  4 * 0.0,  ABCD0713 
4 . 9754 ,   1 .0672 ,   1 .0764 ,   -3837 ,   . 9754 ,   1 .1047 ,   1 .2659 ,   . 9754 ,  ABCD0714 
5 .8282,   .7546,   -6447,  4 * 0.0, 1 .2146,   1 .2882,   1 .2519,   1 .1047,  ABCDO 7 1 5  
6 2 * 1.2882,   1 .4729,   1 .2337,   1 .0129,   .8655,   ,7365,  4 * 0.0,  ASCD0715 
7 1.4173,   1 .4446,   1 .4354,   1 .2882,   1 .5647,   1 .5283,   1 .6785,   1 .4549,  ABCD0717 
8 1 .1691,   .9754,   .8282,  4 * 0 .0 ,  1.6201,  1.6937,  1.6231, 1. 509, ABCD0719 
9 1.7301,  1.7482,  1.8409,  1.6383,  1.2337,  1.1047,  .8837, 4 * C.0, ABCD0713 
1 1.7673,  1.8954,  1.8409,  1.7482,  9.969,  1.9509,  2.0247,  1.r3409, ABCD0723 
2 1 .3809.   1 .2015,   .939l ,  4 * 0.0, 2 .0247.   2 ,0619,   2 .0247,   2 .0429,  ABCD0721 
3 2 .0983,   2 .2133,   2 .1901,   1 .9539,   1 .5283,   1 .2701,   .9715,  4 * 0.0, ABCD0722 
4 2.2827,  2.2273,  2.2455.  2.2091,  2.2637.  2.4302,  2.3,  2.0901, ABCD0723 
5 1.6201,   1 .3073,  5 * 0.0, 2 .4655,   2 .3747,   2 .4302,   2 .3747,   2 .4332,  ARCDO724 
6 2.651.  2.3929,  2.1537,  1. '7482,  1,3365, 5 * 0.0, 2.6137,  2 .6229 ,  AECD0725 
7 2.5956,   2 .6047,   2 .0691,   2 .8619,   2 .5038,   2 .2091,   1 .8409,   1 .3407,  ARCDO725 
8 5 * 0.0, 2.8166,  2.872,  2.7791,  2.872,  2.5456,  3.1394,  2.5583, ABCD0727 
9 2.2637,   1 .8954,  6 * 0.0,  2.9456, 2 * 3.0555,  3.1231,  3.1846. ARCD0729 
1 3.2584,  2.6137,  2.3009,  1.9147, 6 * 0.0 / ABCD0729 

D A T A  CNXL2 / ABCD0730 
1 6 * 3.3138,  2,6319,  2.3051,  1.9237, 6 * 0.0 / ABCD0731 

D A T A  DHTCXL / AECD0732 
1 .0018,   .0026,   -0031,   -0033,   -0036,   .0038,   .0044,   ,0048,   -0054,  ABCD0733 
2 .0061,   .0069,  4 * 0.0, .0026,   .0039,   .0051,   .0038,   ,0049.  .0064, ABCD0737 
3 .0089, .0078,  .008, - 0 0 7 9 ,   - 0 9 3 6 ,  4 * 0.0, .0035,   .3054,   -0071,  ARCDO735 
4 .0061,   .0071,   .0087,   -0115,   .0102,   .0096,   .0104,   .0106,  U * 0.0,  ABCD0735 
5 .0044,   .0069,  -0087, . 0075 ,   .@092 ,   -0113 ,   -0141 ,   . 0124 ,   . 0119 ,  ABCD0737 
6 .0122,   -0123,  4 * 0.0, .0051,  .008, .0099,   .0096,   .0119,   .013,  ABCD0733 
7 -0162 ,   . 0153 ,   -0141 ,   . 0139 ,   . 3141 ,  4 * 0.0, .0056,   .0087,   .0111,  ABCD0739 
8 .011,   .0141,   .0152,   .0181,   .0177,   .016,   -0157,   .0159,  4 * 0.0, ABCD0743 
9 ,0059,   .0096,   .0122,   .0126,   .3155,   .0171,   .0197,   -0201,   .0169.  ABCD0741 
1 .0181,   ,0172,  4 * 0.0, .0061,   ,0101,   .0134,   .0141,   .0172,   .0187,  ABCD0742 
2 -0216,   -0226,   .0188,   .0231,   .0186,  4 * 0.0, ,0062,   .0104,   -0143,  ABCD0743 
3 .0159,   ,0181,   ,0209,   .0235,   .0242,   .0209,   -0217,   .0201,  4 * 0.0, ABCD074r) 
4 .0061,   .0107,   ,0152,   .0166,   .0192,   .0226,   ,025 ,   -0261,   -0223,  ABCD0745 
5 -023, 5 * 0.0, .0057,   .0108,   .0157,   .0174,   .0202,   ,0244,   -0265,  ABCD0745 
6 .0279, 2 * - 0 2 4 4 ,  5 * 0.0, -0353, .0106,   -0162,   .0183,   -0214,  ABCD0747 

5 - 7 1 4 .   - 8 3 ,   - 8 6 7 ,   - 8 6 8 ,   - 5 7 5 ,   - 8 7 3 ,   - 8 7 5 ,   , 8 3 8 ,   - 7 6 9 ,  "7, - 6 2 1 ,  ADCDO€aS 

9 . 718 ,   -625 ,  4 * 0.0, - 6 7 3 ,  .e,  .872 ,   .883 ,   .894 ,   .9 ,   . a975 ,  . e 7 ~ , ~ ~ ~ ~ 0 5 4 3  

1 .go058 m8999, -88, e83958   -717 ,   -6009 ,  4 4 0.0, - 6 2 ,   - 7 6 ,   - 8 6 7 ,  9BCD0733 

3 a888 08961 ,   -9004 ,   -898 ,   , 876 ,   . 847 ,   . 7 ,  5 * 0.0, . 5 7 5 ,  - 7 ,  -85 ,  ABCD07C2 

5 - 8 3 ,  -86, .879, 2 4 -85, - 8 6 6 ,   - 8 3 3 ,  6 * 0.0, - 5 ,  0695,  -8, .835,ABCDO7@4 
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7 ,0259.   -0284,   .0285,   .0263,   .0251,  5 * 0.0, . @ 3 & 4 ,  . 0101 ,  .0166, AECD0743 
8 . 0191 ,  .0266, . 028E ,   .@296 ,   . 0299 ,   , 0279 ,  C. * 0.0. . 0 0 3 5 ,   - 0 0 9 4 ,  AECD9743 
9 , 0 1 6 7 ,  -0195, .C235, . 0 3 3 3 ,  2 4 . r )314 ,   .0289,  6 f 0 . 0 ,  . 0 0 0 1 ,  ABCD075G 
1 . 0 0 7 7 ,   . 0 1 6 4 ,   . 0 1 9 7 ,   - 0 2 3 9 ,   . 3 3 1 9 ,   . 0 3 2 ? ,   . 0 3 2 1 ,   . 0 3 0 3 ,  5 * 0.P /i!?CD0751 
DATA  ETATXL / 48CD0752 

1 .712,  2 * -8 ,  . 7995 ,  .775, .75, . 7 3 1 ,   - 7 1 ,   . F 7 8 ,   . f 3 3 ,   . 6 ,  ABCD0753 
2 4 * 0.0,  .73, .81, . @ 3 ,  4 * .9, .745, . 7 ,   . 6 5 5 ,  - 6 ,  4 * 3.0, AFCD0754 
3 , 7 4 7 2 ,   . 8 2 ,   - 8 6 ,  .84, .848, .k?U5, . 8 3 ,  .76FI, . 7 1 2 5 ,   . 6 7 ,   . 5 1 2 ,  ABCDOS5J 
4 4 * 0.0, . 7 3 ,   . 8 3 ,   - 8 6 3 ,  7 * .35, . e ,  . 7 3 5 ,   - 6 8 5 ,   . 6 1 ? ,  II * 0. r ,  A ~ c ~ C l 7 5 5  

6 4 * 0.0 ,  .7 ,  , 8 2 9 ,  - 8 7 ,  . 3 7 3 ,  3 * . 8 9 ,  - 8 6 ,  .e, . 7 1 1 ,  . F 2 5 9 ,  ABCD075P 
7 4 * 0.0, .685, ,81, .872,  . 8 8 ,  . e 9 1 2 ,  .895, , 8 9 3 ,  .8712, .505, ABCDD753 

9 , 8 2 2 5 ,  .718, . 623 ,  4 * 0 . 0 ,   , 6 4 5 2 ,   , 7 9 5 ,  .P7, . n 9 3 5 ,  . 8 9 5 5 ,  A9CDQ75 1 
1 .9005, . 8 9 9 9 ,  . e 8 ,  . 8 3 9 5 ,   - 7 1 7 ,  .5'30'?, 4 * Q . G ,  . 5 2 ,  . ? 6 ,  . Q f 7 ,  A B C D 0 7 5 2  
2 . 0 8 3 ,  . 8 9 7 ,  . S o l ,  . 9 ,   . 8775 ,   . 845 ,  .714 ,  5 * C . C ,  . f ,  . 7 4 5 ,  . 6 C ,  4BCT)0753 

4 . 874 ,   . 89 ,  . 9 ,  . @ 9 3 7 ,   . 8 7 2 2 ,   . 8 4 4 5 ,  .6Y9,  5 * O . ? ,  . J 3 1 ,  . 5 Y ,  AbC30755 

6 . 8 6 7 1 ,  . 8 8 ,  . e 7 9 9 ,  .86, . 8 2 3 5 ,  € * @.?, .395, . 5 ? ,  . 7 6 ,  .82, .F5,AB2p?7c7 

&N D F.3CD0753 

5 - 7 1 4 ,  .e3,  . ~ 6 7 ,  - 8 ~ 8 ,  . 8 7 5 ,   - 8 7 3 ,   . 8 7 5 ,  . 8 3 a ,  . 7 5 9 ,   . 7 ,  . 5 2 1 ,  ~ ~ ~ 0 7 5 7  

8 . 7 1 P ,   . 6 2 5 ,  4 * C.0, .€73, -8, . 5 7 2 ,  . R 8 3 ,  .F94, . 9 ,  . E a ? ? ,  . ? - ? , 4 9 c ~ C 7 F D  

3 . e a ,  . 8 0 6 1 ,   . 9 0 0 4 ,  . a c e ,  . P ~ s ,  . a q 7 ,  ;7,  5 * 0 . 3 ,  - 5 7 5 ,   . 7 ,  . Q ? ,  ~ ~ ~ ~ 0 7 6 3  

5 - 8 3 ,  . 0 6 ,   , 8 7 9 ,  2 * .@9, . 8 € 6 ,  . 9 3 3 ,  6 * 3 . G ,  - 5 ,  . 6 % 5 ,  .? ,  .6?",A5CD0755 

7 - 8 7 3 5 ,  -871, .PUP, . 3 0 6 ,  5 * 3 . 0  / A3CD"7'.' 

Subroutine COAFBN 

SUBROUTINE COAF6N A3CDS773 
I M P L I C I T  REAL*8 (A-H,O-8) ABC3C.77 1 
LOSICAL S I  P y c n C 7 7 2  
COMMON / C O Y A L L /  COM(1062)  AbCD3773 
DIMENSION WORD ( 2 )  At?CT/C77:1 
DIMENSION Q ( 9 ) ,  AWORD(2) A?CD?  7 1  3 
E Q U I V A L E N C E  ( W O R D ( 1 ) ,  COM(l ) ) ,   ( IDES,  C 3 M ( 3 ) ) ,  ( I G A Z Y X ,  ~ O w ( 1 0 ) ) , A B C L 3 ? 5 7 ?  

1 (IAFTBN, C 0 3  ( 1 2 ) ) .  ( T O L A L L , C O Y  ( 2 3 )  ) , (HtG20, C O 3  ( 3 2 1 )  ) , ( F S P Z L I ,  A 5 r D C y 7 7  
2 C O M  ( 3 2 2 )  ) , (WG55, COM ( 3 2 3 )  ) , (FAR55, C O v  ( 3 2 4 ) ) ,  (P6PSAV, >.LC33 7 7  3 
3 C3Y ( 3 2 5 ) )  , (AM6DSV, C O B  ( 3 2 E ) ) ,  ( A Y G ,  COY ( 3 2 7 ) ) ,   ( A 6 ,  C Z Y ( 3 2 G ) )  , A3Cr)C77? 
4 (WG6CDS, COM(329) ) ,  ( 2 G 6 ,  C O Y ( 3 3 0 ) ) ,  ( T E ,  C O V ( 3 3 1 ) ) ,  A3T3C1S? 
5 (P6 ,   COM(332) ) ,   (H6 ,   COF(333) )  , ( W G 7 ,  C O N ( 3 3 b ) ) ,  A D L ' D C 7 B 1  
6 (PAR7, COY ( 3 3 5 ) ) ,  (FAii7SV, C 3 1  ( 3 3 6 ) )  , ('L'S7, C O Y  ( 3 3 7 )  ) , ~ 9 r r 1 ' 1 7 ~ 2  
7 (PS7 ,   COY((338) ) ,   (V7 ,   CO"I (339) ) ,   ( h ly7 ,   C0?1(3 I !C) ) ,  (A7 ,  C??l(3al)),ABCL!O7P3 
8 (T7DS, COM ( 3 4 2 )  ) , (T7, COM (3'43) ) , (H7, COY ( 3 4 4 )  ) , ( 3 7 ,  COY. ( 3 k ? )  ) , A B C : D ' J 7 q $  
3 (ETAADS, COfl ( 3 6 6 ) ) ,  (CPAFDS, Z 3 Y  ( 3 6 7 )  ) , (WFA, 201 ( 3 6 7 )  ) , AECD,'  7 3 5 
1 ( F T A A ,  C O B  ( 3 6 9 )  ) , (ETAASV, COY (3 '3) ) , ( D P A F T ,  C 3 f l  ( 3 7 1 )  ) , P R C ! ) r . - e S  
2 (P7, COP4 ( 3 P 9 ) ) ,  (U7, C O Y ( 3 9 0 ) ) ,  (Va.PTSN, C C " ( 4 0 2 ) )  , A B C 3 0 7 6 7  
3 ( I C O A F B ,  C O M ( 1 @ 4 5 ) ) ,   ( S I ,   C O Y ( l O S 5 ) )  AECDQ 7 9 9 

D A T A  AWO2D /4HCOAF, 4 t i E N  / ABCD0795 
W O R . D ( l )  = AWOSD( 1) ABCD07?1\ 
WORD(2) = A W O R D  ( 2 )  ABCD0701 
Q ( 2 )  = O.ODG ABCD0772 
Q(3)  = O . O D C  ABCD0793 
I F  ( S I )  G O  T O  1 G O  ABCD079Ll 
AJ = 778.26D30 ABCDC705 
A J X  = 2.71900 ABCD0795 
CAPSF = 2116.2170D3  A3CD079? 
G = 32.174049DO  h9CD0733 
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PRATH = 1 4 . 6 9 6 0 0  
TDEL = 2000.ODO 
T7UAX = 400C.ODO 
R A  = -0252130 
GD TO 1 0 1  

A J X  = 1 : O D O  
CAPSP = 101325.0DO 
G = 1.ODO 
PRATM = 14.696DG / 101324 .6D@ 
TDEL = 11l l .ODO 
T7MAX = 2222.rlDO 

1 0 0  A J  = 1 . O D O  

R A  = 2 8 6 . 9 ~ 0  
lG1  GAJ2 = 2.CD0* G * A J  

C * * +  P6DS A N D  AM6DS A R E  S E T  FOR G E N E R A L I Z A T I O N  OF* AFTERBVRYER 
ICORFB = 0 

C*** EFFICIENCY YAP G E N E R A L I Z k T I O N  
I F  (LDES .NE. 1)  G O  T O  1 3 2  
PSDS = P6 * PRATM 
AC16DS = AM6 

102  WF6 = FAR55 * WGSS / (FAR55 + 1.3DO) 
I F  (IGASMX . G T .  0) WFG = k'F6 + FA?2;! * WG2u / (FAnZLt t 1.03C) 
WA6 = WG6 - WF6 

c * * *  D R Y  LOSS 
WGbC = W G C  v DSQR'T(T6) / P6 
I F   ( I D E S  .ZQ. 1 )  WGOCDS = WG5Z 
DPAFT = DPAE'DS * (WC5C / US6CDS) 
IF ( U P A F T  .GT. 1 .ODO) DPF.FT = 1 . ' D O  
F'7 = P6 * (1.0 '30 - DPAFT) 

FAR6 = WF6 / WA6 
CALL PPOCOM ( F A R 6 , T E , X X l , X Y 2 , X Y 3 , X X ~ L , P ~ f 1 6 , X X 6 )  
W Q A  = VG6 / A7 
C 1  = P7 * DSQIIT(G / (T6 * A J )  ) * C A P S F  
8 8 7  = AMti 
T S 7  = 0.875DO * T6 

CALL PROCOM (FAR6,TS7,CS7,AK7,ZP7,3FX7,PHIS7,i1~7) 
V7 = A M 7  * C S 7  
H S C A L  = H6 - V7 ** 2 / GAJ2 
DELHS = HSCAL - HS7 

A7 = AE. 

1 D O  2 I = 1 ,SO 

I F  ( D A B S  ( D E L H S )  . L E .  -5110 * T O L A L I .  * H S C A L )  G O  r3  3 

ICOAPB = 1 
2 TS7 = TS7 + DELHS / CP7 

GO T O  1 4  
3 WQAT = C1 * DSQRT (AK7 / R E X 7 )  * AM7 / (1.ODC t ( A K 7  - l . ? D D )  * 

1 AH7 ** 2 / 2.ODO) ** ((AK7 + 1.ODO) / (2.0DO * (AK7 - l . ? D @ ) ) )  
D I R  = W Q A  / WQAT 
EW = (WQA - U Q A T )  / W Q A  
CALL AFQrJIE ( Q ( 1 )  , A M 7 , E W , G ~ O D 0 , 4 0 . O D O , 1 . O D O * T n L a L L , ~ I ~ , A ~ 7 T , ~ ~ ~ )  
ICOAPB = 2 
GO TO ( 4 , 5 , 1 4 ) ,  IGO 

4 A M 7  = AM7T 
I F  (AM7 . L E .  O.OD0) A M 7  = 1.OD-10 

55 



I P  (AM7 .GE. 1.ODO) A M 7  = 0.9DO 
G O  TO 1 

I F  (IAFTBN .GT. 0 )  G O  T O  7 
5 PS7 = P7 / DEXP( ( P H I 6  - PHIS7)  / F E X 7 )  

C *** NON-AFTERBURNING 
6 "7 = T6 

WFA = O.OD0 
FAA7 = FAR6 
WG7 = WG6 
IF ( IDES .SE. 1 .OR.  T ~ D S  .EQ.  3 . 9 ~ 0 )  GO ro 2c 

C *** AFTERBURNING 
7 I F  (IAFTBN .EQ. 2 )  T7 = T6 + I'DEL 

I F   ( I D E S  . EQ. 1) T 7  = T7DS 
IF (T7  .LE. T 6 )  G O  TO 6 
RH065 = C A P S P  * PS7 / ( A J  * REX7 * TS7)  
PS65 = PS7 
V65 = V7 
Q ( 2 )  = O . O D O  
Q(3) = O.ODO 

I F  (T7  .LT. Tb) T7 = TO * 1.031DO 
I F  ( S I )  T 7  = T7 * 9.OBO / 5 . O D O  
H V  = ( ( ( ( ( (  - . 4 5 9 u 3 1 7 ~ - 1 9  * r 7 )  - . 2 ~ 3 4 1 1 6 ~ - 1 5 )  * ~7 + 

8 I F  ( T 7  .GT. T 7 B A X )  T7 = T7MAX 

1 - 2 7 8 3 6 4 3 D - 1 1 )  * T7 + . 2C515019-37)  * T 7  - . 2 4 5 3 1 1 5 D - 0 3 )  * 1'7 - 
2 . 9 4 3 3 2 9 6 D - 0 1 )  * T7 + . 1 8 4 5 5 3 7 D + 0 5  

I F  (.NOT, S I )  G O  T O  1 0 3  
T7 = T7 * 5 . O D O  / 9.ODO 
H V  = H V  * 2325.4295DO 

1 3 3  CALL THERM0 ( P 7 , H A , T 7 , X X l 8 X X 2 , 1 , F A E i 6 , 0 )  
C*** TO ALTER D E S I G N  ABETAA NAP FROM G E N E R A L  TO S P E C I F I C  NAP 

9 

13 
11 

12  

I F   ( I D E S  .NE. 1 )  G O  TO 9 
FAR7DS = ( H A  - H6) / ( H V  * ETAADS) 
CALL E T A A B  ( O . O D O , O , O D O , O . O D O 8 O . O D O , E T A A D s , E T A A S V , P 6 ~ S , P 6 ~ S A V ,  

T7 = T6 
G O  TO 20 
P ~ G S  = P6 * PRATM 
PAR7GS = ( H A  - H6) / ( H V  * ETAADS) 
DO 1 0  I1 = 1,50 

1 A M 6 D S 8  AH6DSV, IDES, FAR'IDS, PAR7SV) 

!!BC3?@53 
ASCDP8f.O 
P.ECDO8E;F 
ABCD0855 
A BCDO 6 5  7 
ABCDOPS8 
ABCDOFI53 
ABCDOBE3 
ABCD086 1 
ABCDOR62 
ABCDO863 
A3CD0864 
ABCDP855 
A3CD0865 
ABCDO667 
ABCD0863 
ABCD0869 
A B C D O E 7 p  
ABCD0871 
ABCDO a 7 2 
ABCDG873 
ABCDOR73 
ABCD3875 
ASCDO875 
F.RCDC877 
ABCDG878 
ABCDOP73 
ASCDOReO 
ABCDOF9 1 
ABCD0332 
ABCDF883 
ABCDORt3r l  
ABCD0885 
A9CD0895 
A3CD0887 
ASCDOPBL! 
ABCD0889 
ASCD0933 
ABCD083 1 

CALL E T A A B  (PBR7GS,AB6,P6GS,ET1A,ETAADS,ETAADS8ETAASV,P6DS,P6~SAV,AM~DS, ABCDOR92 

FAR7 = (HA - H 6 )  / ( H V  * E T A A )  
DELFA7 = DAFS (FAR7 - FAR7GS) 
I F  (DELFA7 .LE. 1 . O D O  * TOLALL * FAR7) GO T O  11 

1 AM6DSV8IDES,FAR7DS,FAR7SV~ 

FAR7GS = FAR7 
I F  (FAR7 .GT, O.oD0) G O  P O  1 2  
ICOAPB = 3 
C A L L  E R R O R  
WFAX = FAR7 * WG6 
I F  (IAPTBN . EQ. 1) G O  TO 15 
E R R W  = (WFA - WFAX) / WFA 
D I R  = DSQRT(RFA / WFAX) 
C A L L  AFQUIR ( Q ( 1 )  , T 7 , E R R V , 3 . O D 3 , 3 0 . O D 0 , . 5 D O * T O L A L L , D I R , T 7 ~ , X G O )  
ICOAPB = 4 

ABCDOS33 
A3CDO8o4 
ABCD0895 
ABCD0896 
ABCDO897 
ABCD0899 
ABCD0899 
ABCD0933 
ABCD0901 
ABCD0932 
ABCD0903 
ABCDO 9 3 U 
ABCD0905 
A9CDOQ05 
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13 

14 
15 
16 

c *+* 

18 

GO TO (13,16,14), IGD 
T7 = T7T 
GO  TO 8 
CALL  ERROR 
WFA = WFAX 
FAR7 = (WF6 + WFA) / W A 6  
WG7 = YG6 + WFA 
MOMENTUM LOSS 
CALL  PROCOM (FAR7,T7,XXl,XX2,XX3,~~X7,P~~r7,H7) 
RH07 = CAPSF * P7 / (AJ * REX7 * T7) 
V7 = WG7 / (RH07 * A7) 
Q (2) = 0.0DO 
Q ( 3 )  = O.ODO 
PS7 = PS65 - 0.01DO 
RH07 = WG7 / (V7 * A7) 
11.57 = H7 - V7 ** 2 / GAJ2 
CALL  THERM0 (1.0D0.HS7,TS7,PH137,XX2,1,FAR781) 
IF (TS7 .GE. 301,ODO) GO PO 1 3  
CALL  THEFMO (1.0D0,HS7,400.0D0,PHIS?8XX2,1,~A~7,0) 
V7 = DSQRT(GAJ2 * (H7 - 8S7) ) 
GO TO 17 
PS7 = RH07 * AJ * REX7 * TS7 / CAPSF 
PS7A = PS65 + (RH065 * V65 ** 2 - RH07 * V7 ** 2) / ( S  * CB?SF) 
DIR = DSQRT(DABS (PS7 / PS7A) ) 
EP = (PS7 - PS7A) / PS7 
CALL APQUIR (Q(1) ,V7,EP,O.OD0,50.ODO,1.0DO*I'0LALL,DIR,V7T,IGO) 
v7 = V7T 
IF (V7 .LT. 100.ODO) V 7  = 100,ODO 
ICOAFB = 5 
GO TO (17,19,14), IGO 

CALL PROCOM (FAR7,TS7,CS7,XXi',XX3,XX4,XX5,XX6) 
AM7 = V7 / CS7 

20 CALL  THERM0 (P7,Hi,T7  ,S7,XX2,1  ,PAR7,0) 
IF (VAFTBN .EQ. @.oDO) G3 TO 31 

10 P7 = PS7 * DEXP( (PHI7 - PBIS7) / RZX7) 

Q (2) = O.ODO 
Q(3) = O.ODC 
UG7P = WG7 
H7P = H7 
P7DOT = DERIV (18,P7) 

28 CALL THERMO(P7,H7,T~,S7,XX2,1,FAII7,0) 
YG7 = WG7P - P7DOT * VAFTBN / T 7  / (1.4DO * FA) 
U7 = H7 - A J X  * RA * T7 
H7X = (WG7P * H7P - (YG7P - WG7) * U 7  - U7DOT * P7 * VAFTBN / 
ERRY = (87 - H7X) / H7 
D I R  = DSQRT (DABS (H7 / H7X) ) 
CALL APQUIR ( Q ( 1 ) , T 7 , E R R W , O . O D D , 2 O . O D O , . l D O * T O L A L L 8 D I R , T 7 ~ , I G O )  
I C O A P B  = 6 
GO TO (29,31,30), IGO 

29 T7 = T7T 
GO  TO 2 8  

30 CALL ERROR 

U'IDOT = DERIV (19,U7) 

1 T7 / RA) / WG7 

A3CDCS107 
A3CD090S 
AE(CD3903 
ABCD0010 
BBCD93 1 1  
A3CD0012 
AUCDO? 13 
P.3CDOa1 U 
ABCDOS 15 
9BCD0915 
ABCD0917 
ARCD0913 
ARCD9919 
ABC30923 
ABCD0921 
ADSDP922 
ABCD3923 
ABCDO92a 
A9CDOQ25 
A9CDCQ25 
ABCD0927 
ABC31929 
FECD3929 
AECD0933 
A3CDQ031 
ABCD0332 
A3CDr433 
ABCD0934 
ABCD"Q35 
ABCDf93h 
ABCD3937 
ABCD093R 
AYr33033 
A3CD0043 
ABCD0971 
ABCDO942 
ABCDO943 
ARCDO 9 4 7 
AECD0945 
ABCD3P45 
ABCDC947 
ABCD09US 
ABCD0943 
ABCDO950 
ABCD0951 
ABCD0952 
ABCD@353 
ABCD0954 
ABCD0955 
ABCD0955 
ABCD0957 
ABCD0959 
ABCD0959 
ABCD0963 
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I 

31 I C O A P B  = 0 
C A L L   C O R N O Z  
RETURN 

C 
u 

END 

Subroutine COCOMB 

S U B R O U T I N E   C O C O M B  
I N P L I C I T   R E A L * 8  (A -H ,O-Z)  
L O G I C A L  S I ,  FXMZCP 
C O M B O N   / C O N A L L /   C O N   ( 1 0 6 2 )  
CONHON  /COMDAT/  COMD ( 5 4 2 3 )  
D I M E N S I O N  HORD ( 2 ) ,  P S I X B ( 1 5 ) ,   D E L X B ( 1 5 , 1 5 ) ,   E T A X B ( 1 5 , 1 5 ) ,  

1 N P T B ( 1 5 )  
D I M E N S I O N   Q ( 9 ) ,   D U N B O (   1 5 , 1 5 )  , AWORD  (2-) 
E Q U I V A L E N C E   ( W O E D  ( 1 )  , COM ( 1 )  ) , ( I D E S ,  CON ( 3 )  ) , (MDDE, COY ( 6 )  ) , 

1 ( I I A P E D G ,   C O M ( 2 2 ) ) ,  (TOLALL, C 3 Y  ( 2 3 ) ) ,  (T3,  C O M ( 1 5 2 ) ) ,   ( H 3 ,  
2 C 3 M ( 1 5 3 ) ) ,  ( W A 3 ,  C O M ( 1 5 4 ) ) .   ( G I A 3 C D S ,   C O M ( d 5 5 ) ) ,  (TU, C O M ( 1 5 6 ) ) ,  
3 (H4, C O M ( 1 5 7 ) ) .  ( 5 4 ,  C O M ( 1 5 8 ) ) ,  (WGU, C O N ( 1 5 9 ) ) ,  
4 (FAR4,  C O M ( 1 6 0 ) ) ,   ( T 5 0 ,   C O M ( 1 6 1 ) ) ,  (H50, C O M ( 1 6 2 ) ) ,  
5 (S50,  CON ( 1 6 3 ) ) ,  (HG50,  C O M ( 1 6 U ) ) ,   ( F A R S O ,   C O M ( 1 6 5 ) )  , 
6 ( P C B L H P ,  COY ( 1 6 6 ) ) ,   ( P C B L I P ,   2 3 ! 1 ( 1 6 7 ) ) ,   ( P C B L L P ,  COrl ( 1 6 8 )  ) ,  
7 ( P C B L D U ,   C o i l   ( 1 6 9 ) ) ,   ( P C B L O B ,   2 0 M ( 1 7 0 ) ) ,   ( C N H P ,  COM ( 1 7 1 ) ) ,  
8 ( E T A T H P ,   C o n   ( 1 7 2 ) ) ,   ( D H T C H P ,  2 3 V  ( 1 7 3 ) )  , (DHTC,  COM ( 1 7 4 ) ) ,  
9 ( T F F H P ,   C O N ( 1 7 5 ) ) ,   ( E T A B C F ,   C O M ( 1 7 9 ) ) ,   ( E T A B D S ,  C O N ( 1 8 4 ) ) ,  
1 ( W F B D S ,   C O N ( 1 8 5 ) ) ,   ( E T A R ,   C O M ( 1 9 C ) ) ,   ( X A C ,   C O M ( 1 9 1 ) ) ,  
2 (WPB, C O Y ( 1 9 2 ) ) ,   ( U L C ,   C 3 ! ( 1 9 3 ) ) ,   ( D P C O D S ,   C O N ( 1 9 7 ) ) ,  
3 ( D P C O N ,   C O N ( 1 9 8 ) ) ,  ( P 3 ,  C O M ( 3 7 9 ) ) ,  (P4 ,  C O H ( 3 8 1 ) ) ,  
4 (U4,  COM ( 3 8 2 ) ) ,  ( P 5 0 ,  COY ( 3 8 3 ) ) ,  ( V C O M B ,   C O M ( 3 9 8 ) )  , 
5 ( I S P O O L ,   C O M ( 1 0 4 4 ) ) ,   ( I T R A N ,   C O M ( 1 0 4 9 ) ) ,   ( S I ,   C O M ( 1 3 5 5 ) ) ,  
6 ( F X M 2 C P ,   C O N  ( 1  0 5 9 )  ) 

1 ( E T A X B   ( 1 , 1 ) ,   C O R D   ( 3 0 0 1 )  ), ( K P S B ,   C O R D   ( 5 3 6 0 ) ) ,  
2 ( N P T B   ( 1 )  , C O Y D   ( 5 3 6 1 )  ) 

E Q U I V A L E N C E   ( P S I X B ( l ) ,   C 3 J D ( 2 7 6 1 ) ) ,   ( D E L X B ( 1 , 1 ) ,   C O Y D ( 2 7 7 6 ) ) ,  

DATA AWOHD /4HCOCO,   4HMB / 
Y O R D ( 1 )  = A W O R D ( 1 )  
WORD ( 2 )  = BWORD ( 2 )  
I F ( S 1 )  G O  T O  1 0 0  
R A  = . 0 2 5 2 D 0  
A J  = 2 . 7 1 9 D 0  
TMAX = 4GOO.CDO 
T N I N  = 1GOO.ODO 
G O  ro 1 0 1  

100 R A  = 286.9D0 
A J  = 1 . O D 0  
TMAX = 2 2 2 2 . 0 D O  
T N I N  = 5 5 5 . 5 D O  

101 Q ( 2 )  = O.ODO 
Q ( 3 )  = O.OD0 
P 3 P S I  = 1 4 . 6 9 6 D 0  * P 3  
I F  ( S I )  P 3 P S I  = .14501iD-3 * P3 
YA3C = H A 3  * D S Q R T   ( T 3 )  / P 3 P S I  

ABCDO 9 6 1 
A B C D 0 9 6 2  
A B C D 0 9 5 3  
A B C D 0 9 6 4  
A B C D 0 9 6 5  
A B C D 0 9 6 6  

ABCDO 96 7 
A B C D 0 9 6 R  
ABCDO 9 5 9 
A B C D 0 9 7 0  
A B C D 0 9 7 1  
ABCDO?72 
A B C D 0 9 7 3  
A B C D P 9 7 1  
A B C D 0 9 7 5  
A B C D O 9 7 5  
A B C D 0 9 7 7  
A B C D 0 9 7 9  
ABCDO 97 3 
A B C D 0 9 9 0  
A B C D 0 9 9 1  
A B C D 0 9 8 2  
ABCDGS183 
A B C D 0 9 8 4  
A B C D 0 9 8 5  
ABCCDC)905 
ABCDOQA7 
A R C D O 9 8 3  
ABCDG 9 3 3 
A a C D 0 9 9 3  
A 9 C D 0 9 9  1 
A B C D 0 9 9 2  
A B C D C 9 9 3  
A B C D 0 9 9 1  
A B C D 0 9 9 5  
ABrDOS135 
A B C I ? 0 9 ° 7  
A B C D 0 9 9 3  
A B C D O o 9 9  
A B C D l  C33 
A B C D 1 0 0 1  
A B C D 1 0 3 2  
A B C D l C 0 3  
A B C D l O 3 ' 4  
A B C D l O O 5  
A B C D l O 3 5  
A B C D l O O 7  
A B C D 1 0 0 3  
A 3 C D 1 0 0 3  
A B C D l O  1 3  
A B C D 1 0 1 1  
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4 

3 

5 

6 
7 

8 

1 9  

I F  ( S I )  WA3C = Y A 3  * DSQRr   (T3)  / P 3  
I F  ( I D E S  .EQ. 1) WA3CDS = WA32 
DPCOH = DPCODS * (WA3C / WA3CDS) 
I F  (DPCOH .GT, 1 .ODo) DPCDH = 1 . O D 0  

I F  ( I D E S   , E Q .  1 . A N D ,  HODE .EQ. 2 )   T 4  = ( T O A X  + T r ! I N )  / 2 . 0  
I F  ( I T R A N  .EQ. 1 .AND.  ?!ODE . E 2 ,  2) CALL  FCNTRL 
I F  ( T 4  .GT. THAX) T 4  = TNAX 
I F  ( T 4  .GE. T N I N )  GO TO 2 
T 4  = TUIN 
I F  (NODE  .EQ. 1) HAPEDG = 1 
DTCO = T 4  - T 3  
I F  (SI) DTCO = DTCO * 9 , O D O  / 5 . O D O  
P 3 P S I N  = P 3 P S I  
CALL  SEARCH ( - 1 . O D O , P 3 P S I N , D T C O , E T ' A B , D U F l ! l Y , P S I X B ( l )  ,NPSB, 

I F  (IGO  .EQ. 7 )  CALL  ERROR 
IF ( I D E S  .NE. 1) GO T O  4 
EFABCF = ETABDS / ETAB 
ETAB = ETABCF * ETAB 
I F  ( S I )   T 4  = T 4  * 9 . O D O  / 5.0DO 
A V  = ( ( ( ( ( (  - . 4 5 9 4 3 1 7 ~ - 1 9  * rrl) - . 2 0 3 ~ 1 1 6 ~ - 1 5 )  * T$ + 

P4 = P3 * (1.ODQ - DPCOH) 

1 D E L X B ( 1 , l )   , E T A X B ( l , l )   , D U M B O ( l , l ) , N P T B ( 1 )   , 1 5 , 1 5 , I G O )  

1 . 2 7 8 3 6 4 3 D - 1 1 )  * T 4  + . 2 0 5 1 5 0 1 D - 0 7 )  * T 4  - - 2 4 5 3 1 1 6 D - 0 3 )  * Tt1 - 
2 . 9 4 3 3 2 9 6 D - 0 1 )  * T 4  + . 1 8 4 5 5 3 7 D + 0 5  

I F  (,NOT, S I )  G O  TO 3 
T 4  = T 4  * 5 . O D O  / 9.ODO 
A V  = H V  * 2 3 2 5 . 4 2 9 5 D O  
CALL  THERNO (P4 ,   HA,TQ,XXI ,XX2,@,   O .oDO,o)  
FAR4 = ( H A  - H3) / ( H V  * ETAB) 
I F  (FAR4  .LT.  O.OD0) FAR4 = O . O D O  
WFBX = EAR4 * W A 3  
I F  (HODE .NE. 2 )  G O  T O  7 
ERRW = (WFB - YPBX) / WPB 
D I R  = DSQRT(WFB / WFBX) 
CALL  AFQUIR ( Q ( 1 ) , T ~ , E R R W , ~ . O D ~ , 2 0 . O D O , . l D O * T O L A L L , D I ~ , T 4 ~ , I G O )  
G O  TO (5,8,6), I G O  
T 4  = T 4 T  
G O  Y O  1 
CALL  ERROR 
WPB = UPBX 
I F  ( I D E S   . E Q .  1)  WFBDS = GJFE 
CALL  THERM0 (P4,H4,T4,S4,XX2,1,FAR4,0) 
WG4 = WEB + W A 3  
I F  (VCONB  .EQ. O . O D O )  GO T O  2 1  
Q ( 2 )  = O . O D O  
Q ( 3 )  = O . O D O  
WG4P = WG4 
H4P = 84 
P4DOT = D E R I V   ( 1 0   , P 4 )  
CALL THERMO(P4,H4,T4,S4,XX2,1,PtlR4,0) 
WG4 = WG4P - P4DOT * VCOMB / l'4 / 1.4DO / R A  
U 4  = HU - AJ * R A  * T 4  

H4X = (WGUP * H4P - (WG4P - WGI) * U 4  - UQDPT * P 4  * V C O Y B  / TU / 
U4DOT = DERIV ( 1  1 ,U4)  

ABCDl 01 2 
ABCDlO 1 3  
ABCDlDlU 
A B C D l  01 5 
ABCD1016 
ABCD1017  
ABCDlO 13 
ABCD1013  
ABCD1029  
A b C D 1 0 2 1  
4 7 : - 0 1 r 2 2  
ssrn1 m %  3 
ABCDlO2U 
ABCDlO25  
ABCD1025 
ABCD1027  
ABCD1023 
ABCD1029  
Ai5CD1033 
A a C D 1 9 3 1  
ABCD1032 
ABCD1333  
ARCD1037 
ASCD1 Q 3 5  
A a C D l n 3 6  
n.BCDlC37 
ABCD1039 
AECD1033 
A B C D l  0 4 0  
ABCDlO41 
ABCD1042 
A B C D l n 4 3  
A B C D l 0 4 7  
A R C D  1 0 0 5  
A B C D l Q I 6  
A a c n 1 3 4 7  
ABCD1 048 
A B C D l  9 4  3 
ABCr)lOSO 
A 3 C D l O l i l  
ABCDlO52 
A B C D 1 0 5 3  
AHCDlC54 
ASCD1055  
A P C D 1 9 5 5  
ABCD1057 
A B C D 1 0 5 e  
ABCD1053 
F.BCD1060 
ABCDlC61  
ABCD1062  
l B C D l O 6 3  
ABCDlOE7 
A P C D l P 6 5  
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13 

20 
21 

2 2  

9 

c 
L. 

C 

C 
C 
C 
117 

1 RA) / WG4 
ERRW = (H4 - H4X) / H4 
DIR = DSQRT (DABS (H4 / H4X) ) 
CALL AFQUIR (Q(1) ,T4,ERFW,O.@D0,20.0DO,.1DO*TOLALL,DIR,T4T,IGO) 
GO TO (19,21,,2,0), IGO 
T4 = T4T 
GO T3 18 
CALL E R R O R  
PCBLUS = 1.0 - PCBLHP - PCBLIP - PCBLLP - PCBLOB - PCBLDU 
BLUS = BLC * PCBLUS 
IF (BLUS . LT. (.OOOOOO 1DO * WAZ) ) GO  TO  22 
FAR4  FAR4 * WG4 / (WG4 + BLUS * (l.OD0 + FAR@)) 
H4 = (H4 * WG4 + H3 * BLUS) / (WG4 + BLUS) 
WG4 = WG4 + BLUS 
CALL  THERM0 (P4,H4,T4,SQ,XX2,1, PAR4,l) 
IF (IDES .EQ. 1) W R I T E  ( 6 ,  10) WA3ZDS,ETABCF 
I F  (PXM2CP .OR. ISPOOL .EQ. 1 )  GO T O  9 
CALL  COHPTB 
RETURN 
F50 = P4 
H50 = H4 
TSO = T4 
s50 = s4 
Fi3-350 = FkR4 
WS50 = U G 4  

T P P i I P  = G.@EO 
CNHP = O . O D C  

DHICIIP = 0. O D 0  
ETATHP = C.CDO 
IF (FXM2CP) CkLL  CQI2TB 
IF R U K N I K G  1 SPOOL TJ GO r 3  CeHPrE T O  Z E R P  our COIPTB 
IF ( . N O T .  FXY2CL)) CELL C31IPTE 
RETURX 

IF (PCBLUS .LT. .OOOOIDO) GO r3  22 

SLI’ H I G H  P h E S S U 2 Z  TUFbT?;? PAFPYETF?!: TO Z E R O ,  NOT rJSED 

DHTC = 6.ODO 

F3E;XAT (17HOCOMBUSTOF DESIGN, 7X, R H  WA3CDS=, P15.8, 9 H  ETABCF=, 

EVD 
1 E15.d) 

Subroutine COCOMP 

SUBROUTINE  COCOMP 
IMPLICIT REAL*8 (A-H,O-Z) 
LOGICAL SI, DUMSPL,  FXMZCP, E F I F B N ,  FAN 
COMMON /CONALL/ CON (1062) 
COMMON /COMDAT/ COMD (5423) 
DIRENSION WORD(2),  ERR(9), CNXP(15), PRXP(15,15),  WACXP(15,15), 

D I N E N S I O N  Q (9) , WLH (2,2), AWORD (2) 
1 ETAXP(15,15), NPTP(1S) 

ABCDlOh6 
ABCD1057 
ABCD1069 
ABCDlO69 
ABCDlC70 
ABCDlO7 1 
ABCDlO72 
ABCD1073 
ABCD1074 
ABCDlO75 
ABCD1076 
ABCD 107 7 
ABCD1073 
AEC3107? 
ABCDl C 3  3 
ASCDICA1 
ABCD 1 n 9  2 
ARCDl n P 3  
ABCD1093 
AECDl C95 
ARCDlO9” 
ABCDl CR7 
AaCDlOe? 
APCDlOF? 
AECDln33 
AECD1091 
ABC31@02 
A3CD 1 nc 3 
ABCDln9Q 
A ? C D 1 0 9 5  
A3CD1’73F 
AECD1097 
AECD1933 
ABCD109C) 
ABCDl103 
ABCDl131 
ABCDllO2 
A3CD1103 
ABCDllOY 
ABCDl105 
ABCD7 106 
ABCDll3 7 

A6CDllOFI 
ABCD 1 1  03 
ABCD1110 
ABCD1111 
ABCDl 11 2 
ABCDlll3 
ABCDl114 
ABCD1115 

EQUIVALENCE (WORD (I), CON (1) ) , (IDES, COH ( 3 )  ) , (MDDE, COM (6)), ABCDlll6 
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1 (MAPEDG, COH(22)), (TOLALL, COY (23)),  (ERR(1), COM (24)),  (T2, 
2 CO!l(92)), (T3,  COM (152)), (H3,  CON(153)),  (WA3, COM(154)), 
3  (PCBLHP, COM (166)), (PCBLIP, 23!l(167)), (PCBLLP, COY (168) ) ,  
4 (PCBLDU, C03(169)), (PCBLOB, 23N(l70)),  (WAC, COM(l9!)), 
5 (BLC, COM (193)), (T21,  C3M  (263) ) , (H21, COR (264) ) , 
6 (S21, CON(265)), (UA21, COM(266)). (T21DS, CON(267)), 
7 (T22, COM (268)) # (UA22, CON(259)), (S3, COM (270)), 
8 (YA32, CON (271) ) , (PRCCF, COY (294) ) , (ETACCF, CON (295) ) , 
9 (YACCP, CON (296) ) , (PRCDS, Cor (297) ) , (ETACDS, COR (298) ), 
1 (WACDS, COP!  (299)),  (ZC, CON (300)), (PCNC, CON(301)), 
2 (PCBLC* CON (302)), (PCNCDS,  CON (303) ) , (FCBLI, COM (304) ) , 
3 (PCBLID,  C08 (305))  (CNC, COM(306) ) , (PRC, CON(307)) , 
4 (ETAC, CON (308)), (CNI, C3M (309)). (WXCI, COY (310) ) , 
5 (WAI, COM(311)),  (BLI,  C03(312)), (ALHP, COP!(313)), 
6 (BLIP, COM (314)), (PLLF, :OH (315)), (RLF, CON (316)), 
7 (BLDU, COM(317)), (BLOB, COM (31833, (WAF, COn(319)), 
8 (WACC, COM (320)), (P21, cOH(377)),  (P3, COP; (37?)), 
9 (U3, COM [380)), (VCONP, 23N (397)), (WACP, COM(422)), 
1 (ISPOOL,  CON (10U4) ) , (SI, COY (1355) ) , (DlJMSPL,  COY  (1057)) 
1 (FAN, CON( 1061)) 

1 (WACXP(l,l),  COflD(2311)),  (EThXP(1,1), COND(2536)), 
2  (NCNP, COMD(5344)),  (NPTP(l), COMD(5345)) 

EQUIVALENCE (PXH2CP, CON(1059)), (BFTFAN, C01(1060)), 

EQUIVALENCE (CNXP(1), COMD (2071)), (PRXP(1,1), COHD(2086) ) ,  

DAP4  AWORD,  ULH /4HCOCO, 4HMP , 4H (LO, Q H )  , 411 (HI, 4H) / 
WORD(1) = AWORD(1) 
WORD(2) = AWORD(2) 
IF (SI) GO TO 100 
TSTD = 519.668DO 
PSTD = 1.ODO 
R A  = .0252D0 
AJ = 2.719D0 
GO TO 101 

PSTD = 701325.0DO 
RA = 286.9D0 
AJ = 1.ODO 

13 1 THETA = DSQBT  (T21 / TSTD) 
DELTA = P21 / PSTD 
IF (IDES .NE. 1 .AND. .NOT. FXU2CP) GO TO 2 
IF (IDES .NE. 1) GO TO 1 
WACDS = UAC 
YACC = WAC * THETA / DELTA 
IF (PXB2CP) GO TO 1 
PCYC = PCNCDS * THETA 
GO TO 2 

100 TSED = 288.149DO 

C SPEEDS OF MIDDLE AND INNER SPO3L  ARE  THE  SAME 
1 SPDMID = CNI * DSQRT(T22 / TSTD) 

IF (AFTFAN) SPDMID = CNI * DS2RT(T2 / TSTD) 
CNC = SPDMID / THETA 
PCNC = 100.ODO * THETA * CNC 
IF ( I D E S  , EQ.  1) PCNCDS = PCNZ / THETA 

IF (ZC .LT. O.ODO) ZC = 0 . O D O  
2 C13C = PCNC / (lO0,ODO * THETA) 

ABCD1117 
ABCDll19 
ABCDl113 
ABCDl120 
aBCDl121 
ABCDl122 
AbCD1123 
ABCDl127 
ABCD1125 
ABCDll26 
ABCDll27 
ABCDl128 
ABCD1123 
ABCD 1 130 
ABCDl131 
ABCDli32 
ABCDli33 
ABCDli37 
ABCDl135 
ABCDl135 
ABCDl137 
ABCDI 138 
ABCDl133 
ABCDllUO 
ABCDl14 1 
ABCD 1 142 
AllCDl143 
ABCDli44 
ABCDllQ5 
ABCD1145 
ARCD11&7 
ABCQl143 
ABCDl149 
ABCDl153 
ARCDli51 
ABCD1152 
ABCDl153 
ABCDl159 
ABCD 1 1  55 
ABCDl156 
ABCD 1 157 
ABCDl15R 
ABCD1153 
ABCDl16O 
ABCDli61 
ABCD 1 162  
ABCDli53 
ABCD116L) 
ABCDl16 5 
ABCD1165 
ABCD1167 
ABCD1169 
ABCDll69 
ABCDl17 0 
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I F  ( Z C  .GT. 1.000) Z C  = 1 . o D o  
C N C S  = CNC 
I F  (ISPOOL . EQ. 1) G O  TO 1 2  
C A L L  S E A R C A  ( Z C , C N C , P R C , Y A C C , E l ' A C , C N X P ( l ]  , N C N P , P R X P ( I   , I )  

GO T O  13 

ETAC = 1 .OD0 
WAC = WA21 
WACC = WAC * T H E T A  / DELTA 
CNC = 1 .OD0 
P R C C F  = 1.CDO 

1 W A C X P ( 1 , l )  ,ETAXP(1,1) , N P T P ( 1 ) , 1 5 , 1 5 , I G O )  

1 2  PRC = 1 .OD0 

13 I F  (MODE . bQ. 1 )  G O  T O  4 
I F  ( ( C N C  - C V C S )  .GT. .5DO * T 3 L A L L  * CNC)  MAPEDG = 1 

4 I F  ( I G O  .EQ. 1 . O R .  I G O  .EQ. 2 )  W R I T E  ( 8 , 9 )  C N C S , W L H ( l , I S O ) ,  
1 WLH ( 2 ,  IGO) 

WAC = WACC * D E L T A  / THETA 
I? ( I D E S  . N E .  1 )  G O  T O  5 
T 2 l D S  = T 2 1  
I F  ( I S P O O L  . G E .  2 )  P R C C F  = ( P R C D S  - 1.ODO) / ( P R C  - 1 . O D O )  
E T A C C F  = E T A C D S  / XTAC 

WACCF = WACDS / WAC 
W R I T E   ( 6 , l O )  P ! i C C F , E T A C C P , W A C t F , T 2 1 D S  

E T k C  = Z T A C C F  4 ETAC 
WAC = WACCF * UAC 

IF ( ISPOOL .EQ. 1 )  E T A C C F  = 1.030 

5 PRC = PRCCE'  * ( P R C  - 1. o D 3 )  + 1. n P 3  

CALL W D U C T 1  
I F   ( P C E L I D  .ER. c.G9fi) L E ? ( ' )  = ( W A C  - Y A I )  / H A C  
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B 

19 

20 
21 

7 
8 

C 
C 
C 
9 
13 

D I R  = DSQRT  (DABS ( H 3  / H3X)) 
C A L L  A F Q U I R  ( Q ( 1 )  , T 3 , E B R W , ~ . 0 D 0 , 2 0 . 0 U 0 8 . 1 D 0 * T 0 L A L L , D I S , T 3 1 ! , 1 G @ )  
G O  TO ( 1 9 , 2 1 , 2 0 )  , I G O  
T 3  = T 3 T  
GO TO 18 
C A L L   E R E O R  
I F  ( P C B L C  .GT. O.GD0)  RLZ = P C R L C  * WAC 
H A 3  = WAC - B L C  
BLDU = PCBLDU * BLC 
B L 3 B  = P C B L O B  * B L C  
B L H P  = P C B L H P  * BLC 
B L I P  = P C B L I P  * BLC 
B L L P  = P C B L L P  * BLC 
I F  ( H O D E   . N E .   1 )  GO T O  7 
I F  ( D A B S ( C f i C  - C N C S )  .LE. 1 .OD0 * T O L A L L  * C N C S )  G O  TO 8 
W R I T E   ( 8 , l l )   C N C S , C N C  
CALL  ERROR 
P C N C  = 100.ODO * T H E T A  * CNC 
CALL  COCOMB 
RETURN 

FORMAT  (19HO* * * C N C   G F F   M A P 8 F l ~ . 4 , 2 X , A 4 , A 2 , 1 l H *  * * $ $ % % $ $ )  
F O B M A T ( 1 8 H O C O M P R E S S O R   D E S T S N 8 6 X , R H   P R C C F = , E 1 5 . 8 , @ H   E r A C C F = ,  

1 E 1 5 . & , 8 H   W A C C F = , E 1 5 , 8 , 8 H   T 2 1 D S = , E 1 5 . 8 )  

A l l C D l 2 2 5  
A R C D l 2 2 5  
A B C D 1 2 2 7  
A B C D 1 2 2 5  
A R C D 1 2 2 9  
A B C D 1 2 3 3  
A B C D 1 2 3 1  
A i 3 C D 1 2 3 2  
A 9 C D 1 2 3 3  
A B C D l 2 3 U  
ABCD 1 2 3 5  
A S C D 1 2 3 6  
A B C D 1 2 3 7  
A B C D 1 2 3 8  
ASCD’I 233  

A B C D l 2 4  1 
A B C D l 2 4 2  
R B C D 1 2 4 3  
A R C D l  ?M 1 
A B C D l 2 4 5  
A S C D 1 2 4 6  
A B C D 1 2 U 7  
A B C D l 2 4  3 
A B C D 1 2 Q 9  
A 3 C D 1 2 5 3  

ABCDl2C.G 

11 F O R M A T   ( 1 0 H @ C N C  WAS= , E 1 5 . ? , 1 1 H  AND N O W =  , E 1 5 . 8 , 1 2 H   C H E C K   P C N C ,   A B C D 1 2 5 1  
1 12H I N P U T $ $ $ $ $ $ )   A S C D 1 2 5 2  

END A B C D 1 3 5 3  

Subroutine CODUCT 

S U B R O U T I N E   C O D I J C T   A 3 C D 1 2 5 4  
I M P L I C I T   R E A L * 8   ( A - H ,  0--7,) A B C D 1 2 E 5  
L O G I C A L  S I ,  AFTFAN  ABC‘D125E. 
COHHON  /CONALL/  CON ( 1 0 6 2 )   A S C D 1 2 5 7  
D I M E N S I O N  WOfiD ( 2 )  , ERfi ( 9 )  A 3 C D 1 2 5 9  
D I M E N S I O I i  Q ( 9 )  , AWORD1 (2 )  , A W 3 R D 2  ( 2 )   A R C D 1 2 C ~ 9  
E Q U I V A L E N C E   ( W O R D ( 1 ) .   C O l ( l ) ) ,  ( I D E S ,  C O M ( 3 ) ) .   ( I ’ ; A S ? I X ,   2 0 ? ! ( l q ) ) , A J C 3 1 2 5 3  

1 ( I D B U R N ,  C O M ( 1 1 ) ) ,   ( I D C D ,   C O ” l ( l 3 ) ) ,  (IDSHOC, C O M ( 1 5 ) ) ,   A 9 C D 1 2 5 1  
2 ( N O Z F L T ,  COX ( 1 7 ) ) ,   ( T O L A L L ,  EO’l ( 2 3 )  ) , ( E R F  (1) , ,”OM ( 2 4 )  ) , ( P  1, A 3 C D 1 2 E 2  
3 C O M ( 3 3 ) ) ,   ( H 2 2 ,  COY (3Q.)), ( A Y 2 3 ,   , 0 ? ( 3 5 ) ) ,  (WA23’@S, Z O Y ( 3 6 ) )  , 43CD1253 

5 (A24 ,  C O X ( 4 1 ) ) ,   ( T 2 0 ,   C 0 4 ( 4 2 ) ) ,  ( I I Z C ,  C 0 ’ 4 ( 0 3 ) ) ,  ( S 2 4 ,  C O ! ? l ( L \ Q ) ) ,   A 3 C D 1 2 F 5  
6 (AH25, CON ( 4 5 ) ) ,   ( T 2 5 ,   C O N ( Q 5 ) ) ,  ( P 2 5 ,  COR (47)), (1125,  COM ( U Q ) ) ,  A B C D 1 2 F 5  
7 (S25, CON ( Y g ) ) ,  (A28, COY ( 5 0 ) ) ,   ( A Z E S A V ,  CON ( 5 1 ) ) ,  ~ ~ ~ ~ 1 2 6 7  
8 (AM28, CON ( 5 2 ) ) ,  (V28, CON ( 5 3 ) )  , ( T S 2 8 ,  C O N  ( 5 4 ) ) ,  A S C D 1 2 5  3 
9 ( P S 2 8 ,  C O N  ( 5 5 ) )  , ( T 2 8 ,  COY ( 5 6 )  ) , ( F 2 8 ,  CON (57)), (H28, C O N ( 5 8 )  ) , A a C D 1 2 6 3  
1 (528, COR ( 5 9 ) )  , (A29,  COY ( 6 0 ) )  , ( A 2 0 S A V ,  COP! ( E l ) ) ,   A B C r ) l 2 7 ?  
2 (Atl29, CON ( 6 2 ) ) ,  (V29,  COY ( 6 3 ) ) ,   ( T S 2 9 ,  COP: (64)), A 9 C D 1 2 7 1  
3 ( P S 2 9 ,  COY ( 6 5 ) ) ,  ( T 2 9 ,  C3Y ( 6 6 )  1 ,  ( P 2 a ,  COY (67)), ( H 2 3 ,  C O P l ( 6 8 ) )  , P . a C D 1 2 7 2  
4 ( S 2 9 ,  COY ( 6 9 )  ) , ( B Y P A S S ,   Z O Y ( 7 6 ) )  , (WAD, COM ( ? 1 ) ) ,  A B t D  1 2 7  3 
5 (WFD,  COY ( 7 2 ) ) ,   ( E T A D ,  C3Y ( 7 3 )  ) , ( D P D n C ,  ZCM ( 7 L ! ) ) ,   A B C D 1 2 7 9  
5 ( D P D I J D S ,   C O ? r ( 7 5 ) ) ,   ( l i 3 ,   Z ? b l ( 1 5 3 ) ) ,  (WAC, C O Y ( 1 9 1 ) ) ,   A B C D l 2 7 j  

4 ( T 2 3 ,   C O Y   ( 3 7 ) ) ,   ( ~ 2 3 ,  cor ( 3 ~ ) ) ~  ( 1 1 2 3 ,  c o m ( 3 9 ) ) ,   ( 5 2 3 ,  COY ( Q O ) ) ,  A S C D I ~ F U  
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7 ( P C B L I D ,  CCM ( 3 0 5 ) ) ,  ( W A I ,  C @ M ( 3 1 1 ) ) ,  (ELF, C O N ( 3 1 6 ) ) ,  
9 (BLDU, COM ( ? 1 7 ) ) ,  (WAF, Z 3 f l ( 3 1 3 ) ) ,  (WG28,  CC!!(321)), 
3 ( F A E i 2 4 ,   C O P F . ( 3 2 2 ) ) ,   ( P 2 2 ,   Z O h ( ( 3 7 5 ) ) ,   ( P 2 4 ,   C O M ( 3 9 1 ) ) ,  
1 ( U 2 4 ,  COY ( 3 3 2 ) ) ,  (VFDIJCT, COY ( $ 0 3 )  ) , ( I C O D r J C ,   C O K ( l 3 4 5 ) )  

1 (APTFAN, CO?l ( 1 0 6 0 )  ) 

W O i i D ( 1 )  = AWOliD1 ( 1 )  
W J R D ( 2 )  = Abii3RC1 ( 2 )  
9 ( 2 )  = O . O D G  
Q ( 3 )  = C.CDO 

EQUIVALENCE  (ITRP.N, COY ( 1 9 4 9 ) )  , ( S I ,  C O Y  ( l G 5 E )  ) , 
D A T A   A W O R D 1 ,  AWODD2 /L;HCODU, l H C r  , kHDNO7, 4HZ.L / 

GOGC,  = 0. O D 0  
i F  (SI) G O  T O  1 0 0  
A J  = 7 7 8 . 2 5 D S  
A J X  = ? . 7 1 4 3 0  
C A F S F  = ~ 1 1 k . 2 1 T C D O  
1: = i i . 1 7 t . 1 C 4 9 D O  
TSTD = i l d . f . 7 D C  
T D P L  = 2000.ODO 
: ? A X  = 4OOZ.ODC 
S A  = . G 2 5 2 D C  
so ro I O  1 

1':.5 AJ = 1 .OD0 
A J X  = l . O G C  
CA2SF = 1 d I 3 2 S . L D C  
G = 1.CDG 
TSTD = 2 3 6 . 1 5 3 C  
TDEL = 1 1 1 1 . 1 ) 3 ?  
TYAX = ~ 2 2 2 . 0 9 7  
EA = Lah.9DO 

f n l  GAJ:! = 2 . 0 D c  * G * A J  
IC3D[JC = C 
W A X  = WAF - jJAI - BLF 
I F  ( P C P L T D  .E"!). C.cD0) W4X = H A F  - WAC - E L F  
I F  (AFTFAN) U A X  = WAF - BLF 
W A D  = N A X  + 2LDU 
P 2 3  = P 2 2  

H 2 3  = (BLDU * H3 + W A X  * H 2 2 )  / WAD 

WA23C = W A D  * D S Q R T ( T 2 3 )  / P 2 3  
I F  ( I D E S  .EQ. 1) WA23DS = WA23C 
BYPASS = (WAF - W A I )  / W A I  
I F  (AFTFAN)  BYPASS = WAF / W A I  
DPDUC = DPDUDS * (WA23C / i IA23DS) 
I F  (DPDUC .GT. 1.ODO) DPDLlC = 1 . O D O  
P 2 4  = P 2 3  * ( 1  . O D 0  - DPDUC) 
CALL PROCOY (O.ODO,T23,XXl,XX2,XX3,XX4,PHI23,XX6) 
I F  (IGASMX .GT. 0) I D B U R N  = 0 
AN24 = AM23 
TS24 = T 2 3  * 0.875D0 
CALL PEOCOM (O.ODO,TS24,CS24,AK24,CP2U,RF,X24,PHIS24,HS24) 
V24 = AM24 * C S 2 4  

C*** D R Y  LOSS 

C A L L  T H E ~ M D  ( P ~ ~ , H ~ ~ , ~ ~ ~ , s ~ ~ , x x ~ , I , c . c I D O , I )  

1 DO 2 I = 1 , 5 0  

A3CD 1 2 7  5 
AUCD1277  
BSCD127  3 
ASCD! 2 7 9  
B O C D l Z A 3  
P.BCD12a 1 
A n C n   1 2 3 2  
AACDl23  3 
A B C D l 2 e 4  
ABCD1235 
ABCD1285  
BBCD1287  
A 9 C D 1 2 9 P  
A E C 0 1 2 9 3  
A 3 C D l 2 3 n  
? !3CDl2?  1 
f iBCD1292 
A S C D 1 2 5 3  
ARCD129Ll 
A S C D l 2 3  S 
ABCD1296  
A 3 C D 1 2 Q 7  
A 3 C D 1 2 9 8  
A 3 C 9 1 2 ? J  
ABCD13C.? 
Rf (CD13?1  
A R C 9 1  3 " 2  
AE(Cr)l303 
A B C D l 3 0 4  
RBCD1335  
A U C D l 3 0 5  
A a C D l 3 3 7  
ABCD1309  
A B C D l 3 0 3  
ABCD1313  
A Y C D l 3 1 1  
ABCD1312  
A 9 C D l 3 1 3  
ABCD1314  
A B C D 1 3 1 5  
J B C D 1 3 1 j  
A B C D l 3 1 7  
A B C D l 3  1 3  
ABCD 131 3 
ABCDl32O 
ABCD1321 
ABCD 1 3 2 2  
A B C D l 3 2 3  
ABCDl32U 
A B C D l 3 2 5  
ABCD 1 3 2 6  
ABCD1327  
A B C D l 3 2 8  
A B C D l 3 2 9  
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HSCAL = €123 - V24 ** 2 / 7AJ2  ARC91333 
DELHS = HSCAL - [IS24  ABCDl331 
I F  (DABS(DELHS) . L E .  1.CD3 * TDLALL * t!SCAL) SO TO 3 ARCD1332 

2 T S 2 4  = TS2k + DtiLHS 1 CP24  ABCD1333 
ICODUC = 1 ARCD1331 
G O  TO 11 ABCDl335 

AK24Pll = AK24 - 1 . 0 0 0  ASCD133? 
AK24Pl  = AK24 t 1 . C D O  ABCDl33R 
A K 3 1  = AK24M1 / 2.ODC ARCDl333 
AKPl = AK24P1 / 2.ODO ARCD13Q3 
I F  ( I D E S  . NE. 1)  G O  T O  4 AdCDl34 1 

3 C1 = P 2 4  * DSQFT (C / ( T 2 3  * I J ) )  * CAPSF  ASCD1335 

IF (GOC;O .GT. 0 . 0 ~ 0 )  s o  r c  [I AHCD1342 
A S r O B  = AKPl ** (AKF1 / k K 2 4 3 1 )  * A Y 2 4  * (1.ODQ t AKrl * ADCDl343 

1 AM24 ** 2 )  ** ( -  AKPl / A K Z L I Y l )  ABCD1344 
EQUCR = DSQRT (G * AK21 / iiEX2U / A J )  / (DSQRT(TSTD) / CAPSF) * ARCDl345 

1 (2.ODO / AK24P1) ** (AKP1 / l K 2 4 8 1 )   A 3 C D 1 3 4 5  
WA23CC = PF23C / D S 2 i ' ? ( ? S T ' D )  ABCDl347 
A24 = 1.CDO / kSTnA * dX232C / E3WCS ABCD1343 
GOSO = 1 . O D O  ASCD1349 

WaAT = C f  * I)SoRT  (AK24 / l i L X 2 2 )  * A124 / (1.01)O t A K Y 1  * \Y2!4 * *  ArJCD1351 
1 2 )  ** (AKP1 / AK24F: 1)   ADCDl352 

D I R  = W Q A  / WQAT ASCDl353 
EW = ( W Q A  - WQAT) / U O A  ABCD1353 
C A L L  AfQUIh ( Q ( l ) , A Y 2 4 , t W , 3 . C D C , 3 ~ . O D O , 1 . C 3 0 * T O L A L L , ~ I ~ , ~ ~ 2 4 T , I ~ ~ )  9BC91355 
I C O D U C  = 2 A3CDl356 
G O  T O  ( 5 , 6 , 1 1 ) ,  I G O  A3CD1357 

I F  (AM24 . GT. 1 .ODO) AM24 = 0.5D3 A3CD1353 
G O  T O  1 ABCDl363 

6 P S 2 4  = P 2 4  / D E X P (   ( P Y I 2 3  - PHIS241 / PEX2'J)  ASCDl361 

C*** NON-DUCT B U R N I N G  ASCD136.3 
T 2 4  = T 2 3  ABCDl3F'-i 
WFD = O . @ D O  ASCD1355 
PAR24 = O . O D O  A3CD1365 
G O  TO 1 7  ASCD1367 

8 I F  (IDBUFN .EQ. 2)   T24  = T 2 3  + TDEL ASCD1369 

I F  (T24  .LT.  T23) T 2 4  = T 2 3  AYCD1373 
C***  DUCT B U R N I N G  A3CD1371 

RH042 = CAPSF * F S 2 4  / (AJ * REX24 * TS24)  A3CD1372 
P S 4 2  = PS2U  FBCDl37 3 
V42 = V24  ARCDl374 
Q ( 2 )  = O . O D O  ABCDl375 
Q ( 3 )  = O . O D O  ABCDl376 
I F   ( T 2 4  .LT .   T23)   T24  = T 2 3  * 1.001DO  ABCDl37 7 

C ***  I F  DESIRED, ENTER CALCULATIONS FOR ETAD HERE ABCDl373 
I F   ( S I )   T 2 4  = T 2 4  * 9.ODO / 5 . O D O  ABCDl379 

4 WQA = WAC / A24 ARC91 3 5 0  

5 AM24 = APl24T A a C 9 1 3 5 3  

7 I F  ( I D B U R N  .GT. 0) G O  TO 8 A9CD1362 

9 I F   ( T 2 4  .GT. TMAX) T 2 4  = T M A X  ABCD1369 

HV = ( ( ( ( ( (  - . 4 5 9 4 3 1 7 ~ - 1 9  * ~ 2 4 )  - . 2 0 3 4 1 1 ~ ~ - 1 5 )  * r 2 4  + ABCD1331) 
1 - 2 7 8 3 6 4 3 D - 1 1 )  * T 2 4  + . 2 0 5 1 5 0 1 D - 0 7 )  * T 2 4  - . 2 4 5 3 1 1 6 D - 0 3 )  * T2U A B C D 1 3 8 1  
2 - . 9 4 3 3 2 9 6 D - 0 1 )  * T 2 4  + . 1 8 4 5 5 3 7 D + 0 5   A B C D l 3 9  2 

I F  ( . N O T .  S I )  G O  TO 1 0 2  ABCD1333 
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1 & H  AM28=,   F .15 .8 ,  bii A2?=, E 1 5 . P ,  e11 A?123=,   E15.n)   ErJCDl(J5 2 
END P G C D 1 & 9 ?  

Subroutine COFAN 

SUEROUTINE COFAN F .BC9lU37  
I M P L I C I T   F L A L * a  (A-!4,O-Z) ABCDl49F.  
LOGICAL S I ,  FXM2CT  BBCD1436 
COKYON /CONALL/ CON ( 1 0 6 2 )   A F C D l 4 0 7  
COMPlOh /COMDAT/ COMD ( 5 Q 2 3 )  P.RC31439 
DIMENSIOP; W O R D  ( 2 ) ,  CNXF ( 1 5 ) ,  PRKF ( 1 5 , 1 5 ) ,  WACXF ( 1 5 , 1 5 ) ,   A B C D 1 4 9 5  . 

1 E T A X F ( 1 5 , 1 5 ) ,   N F T P ( 1 5 ) ,  D U Y I j f  ( 1 5 )   A B C 9 1 5 C 3  
D I E E N S I O K  Q ( 3 ) ,  WLH ( 2 , 2 ) ,  AWORD ( 2 )   A B C D l 5 3  1 
EQUIVALZNCE ( W O R D ( 1 ) ,  C O M ( l ) ) ,  ( I D E S ,  C O V ( 3 ) ) ,  ( J D E S ,   C O ? 1 ( 4 ) ) ,   A B C D 1 5 3 2  

1 (MODE, C O ? 1 ( 6 ) ) ,   ( I N I T ,  C3Y (7)). ( I A P E D G ,  C C Y  ( 2 2 ) ) ,  (TDLALL,   ABCD1533 
2 C O N  ( 2 3 )  ) , (H22, CON ( 3 4 )  ) , (TZDS, COW ( 9   1 )  ) , ("2,  COM ( 9 2 )  ) ,  (Py?, A A C D 1 5 G 4  
3 CON ( 9 3 ) ) ,  (112, COY ( 9 4 ) ) ,   ( 5 2 ,  2 0 3  ( ' I S ) ) ,  ( S 2 2 ,  CON ( 9 6 ) )  , ( T 2 2 D S ,  A B C 3 1 5 C 5  
4 C D k l ( 9 7 ) ) ,   ( T 4 G U ,   C O N ( 1 0 0 ) ) ,  ( T l t D S ,  C O 3 ( l O l ) ) ,   ( P E F C F ,   C O I ( 1 2 1 ) ) ,  Ar9CD1535 
5 (ETAFCF,  CUM ( 1 2 2 ) ) ,  (WAFCF, CON ( 1 2 ? ) ) ,  ( P U K F D S ,   C O M ( 1 2 4 ) )  , ABCD15@7 
6 ( P R F D S ,   C O M ( 1 2 5 ) ) ,  ( E T B F D S ,  Z n Y ( 1 2 6 ) ) ,  (WAPDS, r O Y ( 1 2 7 ) ) ,   A B C D 1 5 7 3  
7 (PCNCGU, CON ( 1 2 8 ) ) ,  ( P F F ,  C O Y  (1  3 1 )  ) , ( E T A P ,  COM ( 1 3 2 )  ) , ABCD1'5Oa 
9 ( Z C D S ,   C O M ( 1 3 3 ) ) ,   ( C N F ,   , 3 M ( 1 3 4 ) ) ,  (WAFC, C O M ( 1 3 5 ) ) ,  ABCDl510 
9 ( Z P ,   C O N ( 1 3 6 ) ) ,   ( P C N F ,  CON ( 1 3 7 )  ) ,  ( F C E L F ,   C O N ( 1 3 R ) ) .   A B C D 1 5 1 1  
1 (21, C O K ( l 3 9 ) ) .   ( P C N I ,   C O M ( 1 4 3 ) ) .  ( Z I D S ,  c C f l ( 1 4 6 ) ) ,   A B C D 1 5 1 2  
2 ( P C N I D S ,   C O M ( 1 4 7 ) ) ,   ( P C N I G U ,   2 3 S ( l 4 P ) ) ,   ( T U ,  c O i l ( 1 5 6 ) ) ,  l B C D 1 5 1 3  
3 (WFBDS, C O N ( l 8 5 ) ) ,  (WFE, ZOM ( 1 3 2 ) ) ,  (T21, C O P t ( 2 6 3 ) ) ,   P . B C D 1 5 1 4  
4 ( T 2 1 D S ,  COM ( 2 6 7 ) ) ,   ( T 2 2 ,  :OM ( 2 6 8 ) )  , ( Z C ,  CClN (300)), A B C D l 5 1 5  
5 (PCNC,  COI'l(30 1)  ) , (PCNCDS, CON ( 3 0 3 )  ) , ( E L F ,  COM ( 3 1 6 )  ) , ABCD1516 
6 (WAF, CON ( 3 1 9 ) ) ,   ( P 2 2 ,  CON ( 3 7 5 )  ) ,  ( U 2 2 ,  COP ( 3 7 6 ) ) ,  A B C D 1 5 1 7  
7 (VFAN, COY ( 3 9 5 ) ) .  ( D U M D I  ( I ) ,  Z 3 Y  ( 4 0 5 )  ) , (WAFP, 208  ( 4 2 0 ) ) ,   A B C D l 5 i  9 
8 ( J T R A N ,   C O K ( l 0 5 0 ) ) ,  ( S T ,  c O N ( 1 3 5 5 )  ) ,  ( F X N 2 C P ,  CON ( 1 0 5 9 ) )  AF3CD1519 

E Q U I V A L E N C E   ( C N X P ( 1 ) ,   C O Y D ( 1 ) ) .   ( P R X F ( 1 , 1 ) ,   C O N D ( 1 6 ) ) ,   A B C D 1 5 2 0  
1 ( Y A C X P ( l , l ) ,   C O I l D ( 2 4 1 ) ) ,   ( E T A X F ( 1 , 1 ) ,   C O N D ( 4 6 6 ) ) ,  ABCD 1 5 2  1 
2 (NCNF, COPID ( 5 2 9 6 )  ) , ( N P T P   ( 1 )  , CO3.i) ( 5 2 9 7 )  ) A B C D l 5 2 2  

D A T A  A U O R D ,  WLH /4H  COP, 4 H P . N  , 4A  (LO,  4 H )  , 4 H  ( H I ,  4 H )  / ABCD1523  
WORD(1) = AWORD(1)  ABCDl524 
WORD(2) = AWORD(2) ABCD1525  
I F   ( S I )  G O  TO 1 0 0   A B C D 1 5 2 6  
TSTD = 5 1 8 . 6 6 8 D 0   A B C D 1 5 2 7  
PSTD = 1 . O D O  ABCD1528  
R A  = . 0 2 5 2 D 0   A B C D l 5 2 9  
A J  = 2 . 7 1 9 D O   A B C D l 5 3 0  
G O  T O  101  AECD1531  

100 TSTD = 2 8 8 . 1 4 3 D O   A B C D l 5 3 2  
PSFD = 1 0 1 3 2 5 . 0 D O   A B C D 1 5 3 3  
R A  = 2 8 6 . 9 D 0   A B C D l 5 3 4  
A J  = 1.ODO A B C D l 5 3 5  

101  THETA = DSQRT ( T 2  / TSTD)   ABCD1536  
DELTA = P 2  / PSTD  ABCD1537 
I F  ( I D E S  .NE. 1 )  G O  T O  1 A B C D l 5 3 9  
WAPDS = WAFC * DELTA / THETA ABCD1535  

I F   ( Z P  .LT. O.OD0) Z F  = 0.ODO ABCD1541  
I F  ( Z P  .GT. l.OD0) ZF = 1.ODO ABCD1542  

1 CNP = PCNP / (100.ODG * THETA)  ABCD154O 
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CNFS = CNF 
CALL  SEARCH (ZF,CNF,PHF,WAFC,ETAF8CVX~(l) , hCNF,PRXF ( 1 , l )  , 
I F   ( ( C N F  - CNFS) .GT. .5D3 * TOLALL * CNF) MAPEDG = 1 
I F   ( I G O  .EQ. 1 . O R .  I G O  .ED. 2)  WRITE ( 8 , 1 2 )   C N F S ,   W L H ( 1 , I G O )  , 

WAF = WAFC * DELTA / THETA 
I F   ( I D E S  . IE. 1 )  GO TO 2 
P R F C F  = (PRFDS - l .OD0)  / ( P E P  - 1 . 3 D C )  
ETAPCF = ETAFDS / ETAF 
WAFCF = WAFLS / WAF 
WRITE ( 6 , 1 3 )  PRFCF,ETAFCF,  WAFCP,T2DS 

ETAF = ETAFCF * ETAF 
WAF = WAPCF * WAF 
WAFP = WAF 
WAPC = WAFC * WAFCF 
PCNP = 1 O O . O D O  * THETA * CNF 
D U H D 1  ( 1 )  = PCNF 
CALL  THCOMP ( P R P , E T A F , T 2 , H 2 , S 2 , P 2 , T 2 3 . H 2 2 , S 2 2 , P 2 2 )  
I F  (VPAN .EQ. O . O D 0 )  G O  T 3  2 1  
Q ( 2 )  = O . O D O  
Q ( 3 )  = O . O D O  
H 2 2 P  = H22 
P22DOT = D E R I V   ( 4 , P 2 2 )  

1 W A C X F ( l , l ) , Z T A X F ( 1 , 1 )   , N P T F ( 1 ) , 1 5 , 1 5 , I G O )  

1 WLH ( 2 , I G O )  

2 PRF = P R F C F  * ( P R F  - 1 . G D $ )  t 1 . O D O  

18 CALL  THERHO ( P 2 2 8 H 2 2 , ~ 2 2 , ~ 2 2 , X X 2 8 ~ 8 0 . 0 D 0 , G )  
WAF = WAFP - P22DOT * VFAN / T 2 2  / l .4DO / FA 
U22 = H22 - A J  * R A  * T22 
0 2 2 D O T  = D E R I V   ( 5 , U 2 2 )  
H22X = (WAFP * H 2 2 P  - (WAFP - 3 A F )  * l J22  - U22DOT * P 2 2  * V F A N  / 

ERRW = ( H 2 2  - H22X) / H 2 2  
D I R  = DSQRT  (DABS  (Hz2 / H 2 2 X ) )  
CALL  AFQUIR ( Q ( l ) , T 2 2 , E R R W , O . O D O 8 ~ ~ . ~ D O 8 . l D O * T O L A L L 8 D ~ R , T 2 2 T 8 I ~ ~ ~  
GO TO ( 1 9 , 2 1 , 2 0 )  , IGO 
GO TO 18 

1 T 2 2  / RA) / WAF 

1 9   T 2 2  = T 2 2 T  

2 0  CALL  ERROR 
21 I F  ( P C B L F  .GT. O.ODO) BLP = PCBLF * WAF 

I F  ( J D E S  .EQ. 1 )  GO TO 9 
J D E S  = 1 
I F  ( I N I T  .EQ. 1)  GO T O  8 
I F   ( I D E S  .EQ. 1) G O  TO 6 
IF (JTBAN .EQ. 1 )  GO TO 9 
I F  (RODE .NE. 2 )  GO TO 3 
T 4  = GUESS ( 3 , Y 1 , Y 2 , P C N P , P ~ N F D S , Y P B , V F S D S . Y 7 . Y 8 , T 4 D S )  
P C N I  = GUESS(8,T4,T4DS,Y3,Y4,Y5,Y6,T22,T22vT22DS,PCNIDS) 
PCNC = GUESS(4,Y1,Y2,PCNI,PCNIDS,~FB8UFBDS8Y7,Y8,PCNCDS) 
GO TO 7 

I F  (MODE .EQ. 0) G O  TO 4 
T 4  = GUESS(78Yl,T2,PCNF,P=NfDS,Y5,Y6,T2,T28T2DS8T4DS) 

3 I F  (MODE .EQ. 1 )  GO T O  5 

4 PCNC = GUESS(5,T4,T4DS8Y3,P4,Y5,Y6,T22,T22,T22DS,PCNCDS) 

4 n C 3 1 5 4 3  
P.UCD15Li I 
9 S C i 3 1 5 7 5  
ABCDlSuE 
AFCD151(? 
APCD 1 5 4 3  
ABCr)1549  
AECD155,7 
ABCD 1 5 5 1  
AECDlC.52 
AfrCD1553 
ABCD1554 
ABCDI 555 
AECD1555 
A B C 9 1 5 5 7  
AECD1553  
AFCDl55Y 
APCD15E.0 
ABCD15C 1 
ARCD1562 
ABCDl56  3 
AECD1 5 5 b  
ABCD1555 
ABCD1566 
ABCD1567 
ABCD156B 
ABCD1553 
ABCD1570 
ABCD1571 
A F C D l S 7 2  
A B C D l 5 7 3  
AECD1574 
A B C D l 5 7 5  
ABCD1573 
ABCD 15’7 
AECDl E 7 3  
A F C D 1 5 7 3  
A B C D l 5 8 0  
ABCD1581 
ARCD1592  
4BCD15R3 
ABCD15RU 
ABCD1595 
ABCD1586 
A a C D 1 5 3 7  
AECD158R 
ABCD15R9 
A 3 C D l S 7 3  
A B C 3 1 5 9 1  
A B C D l 5 9 2  
A B C D l ? g ?  
A B C D l 5 9 4  
ARCD1533  

I F  (FXHZCP)  PCNC = PCNCDS * . 99DO * THETA A B C D l 5 9 6  
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5 

6 

7 

8 
9 

10 
11 

C 
C 
12 
13 

1 4  

P C N C G l  = P C N C  
P C N C G 2  = P C N C D S  
P C N I  = GUESS(~,Y1,Y2,PCNCG1,P~N~G2,YS,Y6,T22,T22DS8P~~IDS~ 
G O  TO 7 
T4 = GUESS ( 6 , Y l  .Y2,PCNC,PCNCDS,YS,Yb,T22,T22DS,T4DS) 
P C N I  = G(JESS(8,T4,T4DS,Y3,Y4,Y5,Y6,T22,T22DS,PCNIDS) 
GO T O  7 
T 4  = T 4 D S  
WFE = WFBDS 
T 2 1 D S  = T 2 1  
ZC = Z C D S  
Z I  = Z I D S  
P C f I I G U  = P C N I  
PCNCGU = PCNC 
T 4 G U  = T 4  
INIT = 0 
IF ( M O D E  . N E .  3 )  G O  ro 13 
I F  ( D A B S   ( C N F  - C N F S )  .LE .  1 . O D ~  * T O L A L L  * C N F S )  G O  r3 11 
W R I T E  ( 8 , 1 4 )  C N P S , C N F  
C A L L  E R R O R  
P C N F  = 100.ODO * T S E T A  * CN-F 
C A L L   C O I N T C  
RETUFN 

F ~ R M A T  (1 3110* * * CNF OFF M F P , P I ~ .  Y , ~ x , A Q . , A ~ ,  I I H *  * *$$$$9;$) 
F O R M A T ( ~ ~ H ~ F A N   D E S I G N , 1 3 X , 3 f i   P R F C F = , E 1 5 . 8 , P H   E T A F C F = , E 1 5 . 8 ,  

F ~ R Y A T   ( 1 0 Y O C N F  WAS= , E 1 5 . 3 , 1 1 H  A:JD SOU= , E 1 5 . 8 , 1 2 I I   C H E C K  PCNF, 

END 

1 8 H  W A F C F = , E l S . P , S H   T 2 D s ~ ~ E 1 5 . 8 )  

1 12H I N P U T $ $ $ $ $ $ )  

Subroutine COHPTB 

A B C D l 5 9 7  
A R C 9 1 5 9 9  
A B C D l 5 9 9  
A B C D 1 6 3 0  
A B C D 1 6 0 7  
A B C D 1 5 3 2  
A B C D 1 6 0 3  
A E C D l 6 0 4  
A B C D l 6 0 5  
ABCD 16 0 6  
A B C D 1 6 3 7  
A B C D 1 6 0 8  
A B C D 1 6 0 9  
A B C D l 6  1 0  
A B C D 1 6 1 1  
A B C D l 6 1 2  
A B C D 1 6 1 3  
A B C D 1 6 1 4  
ABCD1 6 1 3  
ABCD? 61 5 
B B C D 1 5   1 7  
A B C D l 6  1 3  
A B C D l 6 1 9  
A B C D 1 6 2 9  
R B C D 1 6 2 1  
A B C D 1 5 2 2  
A B C D 1 6 2 3  
A B C D 1 6 2 7  
A B C D l 6 2 5  
A B C D 1 6 2 5  
A R C D 1 6 2 7  

S U B R O U T I N E   C O H P T B   A B C D l E 2 ?  
I M P L I C I T   R E A L * 8  (A-H , 0 - 2 )  A B C D 1 6 2 9  
L O G I C A L  S I ,  D U M S P L ,   F X F N 2 Y   A B C D 1 6 3 3  
COMVON / C O N A L L /   C O N   ( 1 0 6 2 )  ABCD 1 6  31 
COMMON / C O N P A T /   C O M D ( 5 4 2 3 )   A B C D 1 5 3 2  
D I M E N S I O W  WORD ( 2 )  , E R R  (9) , T F P X H  (1  5) , C N X 3  ( 1 5 , 1 5 )  , DHTCYS (15 ,15)  , A B C D 1 6 3 3  

1 E T A T X H  ( 1 5 , 1 5 )  , N P T T F H   ( 1 5 )   A S C D 1 6 3 4  
D I M E N S I O N  Q ( 9 )  , AWDRD ( 2 )  , W L O ( 2 )  , ? H I  ( 2 )  A B C D 1 6 , 3 5  
E Q U I V A L E N C E  (WORD ( 1 )  , COM (1 )  ) , ( I D E S ,  COP(?)), ( ? ( O Y 4 P ,  COY (2 " )  ) , A R C D 1 6 3 5  

1 ( T O L A L L ,   C O W ( 2 3 ) ) .   ( Z F r . ( l )  , C D Y  ( 2 4 ) )  , (7'5, C O ? l ( l 0 2 ) ) ,  (H5, 9 3 C 3 1 6 3 7  
2 C 3 M ( 1 0 3 ) )  , ( S 5 ,  C O X ( 1 0 4 ) )  , (WZj, c o ? r ( l C S ) ) ,  (FA95,  C 3 % ( 1 0 6 ) ) ,   A S C D 1 6 3 3  
3 ( T F H P C F ,  CON ( 1 1 4 ) )  , ( C N H F C F ,  Z3Y ( 1  1 5 ) )  , ( E T H P C P ,  C O Y  ( 1 1 5 )  ) , A B C D 1 6 3 9  
4 ( D H H P C F ,  CON ( 1  17)  ) , ( T F H P D S ,  C O N  ( 1  1 9 )  ) , (CNHPDS, COY (1 1 9 )  ) , ABCDlfiL!? 
5 ( E ' I I H P D S ,   C O f l ( l 2 0 ) )  , (HPEXl ' ,  COY ( 1 2 9 ) )  , ( T F F T P ,  COM ( 1 4 1 ) )  , A 3 C D l h 4 1  
6 ( C N I P ,  C O ! I ( 1 4 2 ) ) ,  ( E T A T I ? ,  C 3 ! l ( l Y 3 ) )  , ( D i I T C I P ,   C O Y ( 1 4 4 ) ) ,   A S C D 1 6 4 2  
7 ( D H T I ,   C O M ( 1 4 5 ) ) ,  (H? ,  C O M ( 1 5 3 ) ) ,  ( T 4 ,  cO? l (156) ) ,  ( H 4 ,   C O Y ( 1 5 7 ) ) , A S C D l h 4 3  
8 (S4,  CON ( 1 5 5 )  ) ,  (WGL!, COY ( 1 5 3 ) )  , ( r ' A R 4 ,   C O P   ( 7 6 0 ) )  , AECD1 f i Q U  
3 ( T 5 0 ,   C O M ( 1 6 1 ) ) ,   ( H S c ) ,   C o M ( 1 6 2 ) ) ,  ( S 5 0 ,  C O X ( l € 3 ) ) ,   A F C D 1 6 4 3  
1 (WG50, C O P l ( 1 6 4 ) ) .   ( F A R S O ,  COM(li5)) , ( C N H P ,  C O N ( 1 7 1 ) )  , A a C 3 1 f i 4 5  
2 ( E T A T H P ,  COY ( 1 7 2 ) )  , ( D H T C f l F ,  Z 3 Y  ( 1 7 3 ) )  , ( D H T C ,  C O Y  ( 1 7 4 ) )  , P . 3 C D 1 6 4 7  
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3 ( T F F H P ,   C O f l ( 1 7 5 ) ) ,  (H21,  C O M ( 2 6 4 ) )  , ( P C N C ,   C O M ( 3 0 1 ) ) ,  
4 ( B L H P ,   C O M ( 3 1 3 ) ) ,  ( X N H P ,  C O M ( 3 7 2 ) ) ,  (P4 ,  C O B ( 3 R l ) ) ,  
5 (P50 ,  C O R ( 3 8 3 )  ) , (USO, C3Y (384) ) ,  ( P 5 ,  CON ( 3 8 5 ) )  , 
6 (VHPTRB,   CON ( 3 9 9 ) )  , (WACP, COM ( 4 2 2 )  ) , (XNHPDS,  COY ( 4 2 3 )  ) , 
7 ( P I I I H P .  CON ( 4 2 6 )  ) , ( I S P O D L ,  CON (1 0 4 4 )  ) , ( S I ,  COH ( 1 0 5 5 )  ) , 
8 ( D U E S P L ,  COM ( 1 0 5 7 )  ) , ( P X F N 2 M ,  COM ( 1  0 5 8 )  ) 

1 ( D H T C X H ( l , l ) ,   C O M D ( 3 4 6 6 ) )  , ( E I A T X H ( l , l ) ,   c O M D ( 3 6 9 1 ) ) ,  
2 ( N T F F S H ,   C O n D  ( 5 3 7 6 )  ) , ( N P r T F H ( 1 )  , C O M D ( 5 3 7 7 ) )  

E Q U I V A L E N C E   ( T F F X H ( l ) ,   C O R U ( 3 2 2 6 ) ) ,   ( C N X H ( 1 , 1 ) ,   C O M D ( 3 2 4 1 ) ) ,  

DATA  AWORD, WLO, W H I  / 4 H C 3 H P ,   4 H T B  , *H ( L O ,  41i) , 4 H  ( H I ,  

WORD(1)  = A W O R D ( 1 )  
W O R D ( 2 )  = A H O R D ( 2 )  
I F  ( S I )  GO T O  100 
R A  = ,0252DO 
A J  = 2 . 7 1 9 D O  
CONFAC = 1 . 4 0 9  1D-5 
GO TO 1 0 1  

A J  = 1.ODO 

1 4H) / 

100 R A  = 2 8 6 . 9 D 0  

CONFAC = 1 . 0 9 6 6 D - 2  
I C 1  I F  ( I S P O O L   . E Q .   1 )  GO TO 8 

THDE = D S Q R T   ( T 4 )  / P C S C  
I F  ( I D E S   . E O .  0) GO  TO 1 
C N H P C F  = C N H P D S  * THDE 

C N H P S  = CNHP 
T F F H P S  = TFFFIP 

1 CNHP = C N H P C P  / T H D E  

CALL  SEARCH (-1.DO,TPFHP,CNIIF,DH~CHP,ETATHP,TFFXIi(1),NTFFSH, 

I F  ( I G O  .!?Q. 1 . O R .  I G O  .EQ. 11 .OR. I G O  .EQ. 2 1 )  

I F   ( I G O  . EQ. 2 . O R .  I G O  .E2. 12  .DR. I G O  .EQ. 2 2 )  

I F  ( I G O   . E Q .  10  . O R .  I G O  .EQ. 11 . 3 i i .  I G O  .EQ. 1 2 )  

I F  ( I G O   . E Q .  2 0  .OR. I G O  .EO. 2 1  .DR. IGO . FO. 2 2 )  

I F  (IGO . N E .  7 )  GO T O  2 
CALL  ERROR 
RETURN 

T F H C A L  = WG4 * D S Q R T ( T 4 )  / ( 1 4 . 5 9 6 D O  * 2 4 )  
RTUEXT = 0 . 7 0 6 7 0 5 D 0  * HPEXT 
I P  ( .NOT. S I )  GO T O  1 0 2  
T F H C A L  = WG4 * DSQRT ( T 4 )  / P4 
B T U E X T  = HPEXT 

XNHDOT = D E B I V  ( 1 , X N H P )  

1 C N X H ( 1 , 1 ) , D H T C X t i ( 1 , 1 ) , E T A T X I I ( 1 , f ) , N P T T P H ( 1 ) , 1 5 , 1 5 , I ~ ~ )  

1 W R I T E   ( 8 , 9 )   T P F H P S ,  WLO 

1 W R I T E   ( 8 , 9 )   T F F H P S , W H I  

1 W R I T E   ( 8 , l O )   C N H P S , W L O  

1 W R I T E   ( 8 , l O )   C W I i P S , V H I  

2 NOMAP = 0 

192 XPHP = XNHPDS * PCNC / 1 0 3 . O D O  

DHTCC = ( R T U E X T  + WACP * (H3 - H21) + CONFAC * PP!IIiF. * X V Y P  * 
I F  ( I D E S  .EQ. 0) GO T O  5 

1 XNHDOT) / (WG4 * T 4 )  

T F H P C F  = T F H P D S  / T F H C A L  
D H H P C F  = DHTCC / DHTCAP 

B B C D 1 6 4 3  
A E C D l 6 4 9  
A B C D l 6 5 3  
A B C D 1 6 5 1  
A B C D l 6 5 2  
A R C D 1 6 5 3  
ABCDl  6 5 1  
A B C D l 6  5 5  
A B C D l 6 5 5  
A B C D l 6  57  
A i 3 C D l 6 5 8  
A R C D 1 6 5 9  
A B C D 1 6 6 3  
A R C D l h 6 1  
A B C D l 6 5  2 
A B C D l E 5 3  
A B C D 1 6 6 4  
A B C D 1 6 5 5  
A B C D 1 6 5 6  
A D C D 1 6 5 7  
A B C D l 6 5 P  
ABCD 1 6 5  3 
A B C D 1 6 , 7 0  
A B C D l E . 7 1  
A B C D 1 6 5 2  
A B C D 1 6 7 3  
A B C D l 6 7 4  
B R C D l 6 7 5  
A B C D 1 6 7 6  
A B C D l F . 7 7  
ABCDl  E 7 9  
A B C D l F 7 0  
P . B r D 1 5 9 3  
A B C D l E B l  
A 9 C D 1 6 9 2  
A E C D l G   9 3  
A B C D l C a 4  
A B C D l 6 R 5  
A B C D 1 6 8 5  
A B C D l E 8 7  
A B C D 1 6 R S  
A B C D l f 8 3  
A R C D 1 6 9 D  
A B C D 1 6 9 1  
ABCD 1 6 9 2  
A B C D 1 6 0 3  
A B C D 1 6 9 Q  
A 3 C D 1 6 0 5  
A B C D 1 6 3 5  
A R C D 1 6 9 7  
B B C D 1 6 9 9  
B B C D l F 9 3  
ARCDI-IOC 
A U C D l 7 0  1 
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5 

6 

7 

15 

13 

20 
21 

8 

C 

C 

ETHPCF = ETHPDS / ETATHP 
WHITE (6,11) CNIiPCF,TFHPCF,ETRPCF,DHHPCF 
TFHCAL = TFXPCF * TFHCAL 
DHTCHP = DHHPCF * DHTCHP 
ETATHP = ETHPCP * ETATHP 
DHTC = DETCC * T4 
ERE (1) = (TFHCBL - TFFHP) / TFHCAL 
ERR(2) = (DHTCC - DHTCHP) / DHTCC 
CALL  THTURB (DHTC,ET3THP,FAR4,H4,S4,P4,T50,H5O,S5~,P5~) 
IF (BLAP .LE.  O.ODO) GO T3 6 
FAR50 = FAR4 * WG4 / (WG4 + BLHP * (FA94 + 1.ODO)) 
KG50 = WG4 + BLHP 
H50 = (BLHP * H3 + WG4 * H5O) / HG50 
CALL THERM0 (P50,H50,T50,S50,XX2,1,FAR50,1) 
GO TO 7 
FAR56 = FAR4 
WG50 = WG4 
IF (VHPTRB .EQ.  O.@DO) GO TO 2 1  
Q(2) = O.ODO 
Q ( 3 )  = O.(IDG 
WG50P = WG50 
H50P = H50 
P5ODOT = DEBIV (12,PSO) 
CALL  THERM0 (P50,H50,T50,S50,XX2,1,FAR50,0) 
WG50 = WG50P - P50DOT * VHPTRB / T50 / 1.4DO / 9A 
U50 = H50 - R A  * AJ * T50 
U50DOT = DERIV (13,UsO) 
H5GX = (WG50P * H50P - (WG5CP - WG50) * U50 - U5ODOT * P53 * 

1 VHPTRB / T5G / RA) / WG50 
EREW = (H50 - H50X) / H50 
DIR = DSQRT (DABS (H50 / H 5 3 X )  ) 
CALL  AFQUIR (Q(1) ,T50,EBPW,O.OD0,20.0Do,.1DO*TOLALL,DTR,T~~T,IGO) 
GO TO (19,21,20), I G O  
T50 = T5OT 
GO TO 18 
CALL ERROR 
IF ( P X F N 2 M  .OR. DUMSPL) GO TU 8 
CALL  COIPTB 
RETURN 
P5 = P50 
H5 = HSO 
T5 = T50 
S5 = S50 
FAR5 = PAR50 
WG5 = WG50 
SET MIDDLE TURFINE  PARABEPERS T O  ZERO, NOT USED 
TPFIP = O.ODO 
CNIP = 6.ODO 
DHTI = O.ODO 
DHTCIP = 9.ODO 
ETATIP = 0.ODO 
CALL  COLPTB 
FETUHN 

AECD1702 
ARCD1703 
ABCD1707 
ABCDl705 
ABCD1706 
ASCD1707 
ABCDl7Oq 
ABCD170? 
ABCD1710 
ABCD17 1 1  
ABCD1712 
ABCDl713 
ABCD1714 
ABCD1775 
ASCD1715 
ASCD1717 
ABCDl7 1 9  
ABC31719 
AZCD1723 
ABCD 1721 
ABCD1722 
ABCDl723 
ABCDl72U 
ABCD 1725 
ABCDl725 
ABCD 1727 
ABCDl729 
R3CD1723 
ABCD1730 
ABCD1731 
ABCD1732 
ABCD1733 
ABCD173’6 
ABCDl735 
ABCDl735 
ABCD1737 
ABCD 1733 
ABCD1739 
ABCDl743 
ABCDl7r)l 
ABCDl742 
ABCD1743 
ABC31744 
ABCD1745 
ABCD1746 
ABCD17Q7 
ABCD1733 
ABCD1749 
ABCDl750 
ABCD1751 
ABCD1752 
ABCDl753 
ABCD1754 
A BCD 1755 
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C A 3 C 3 1 5 5 6  
C F D C D l 7 5 7  
9 F O R a A T   ( 1 9 H O * * * * * T F F H P   O F F  MAP,F1C.G,2X,A4,A2,1lH*****$!$$$CS) 

11 F O R M A T ( 2 0 H O H . P .   T U R S I N E   D E S I G N , s X , ? H C ~ A P C F = ,   E 1 5 . 8 , Q H   T F B ? C F = ,   A E C D 1 7 5 C  
10  FORMAT  (19HO*****  CNHP  OFF M A P , P 1 0 . 4 , 2 X , A 4 , A 2 , 1 l I I * * * * * $ f i S S : $ $ )  P B C 3 1 7 5 3  

P B C 3 1 7 6 1  
F . E C D 1 7 6 2  

ASCD 1 7 5  e 

1 E 1 5 . 8 , 8 H   E T H P C F = , E 1 5 . 8 , @ H   D f ? H P Z P = , E 1 5 . 8 )  
END 

Subroutine COINLT 

S U B R O U T I N E   C O I N L T   A B C D 1 7 5 3  
I M P L I C I T   R E A L 4 8  ( A - H ,  0 - 2 )  
L O G I C A L  S I  

A R C D l 7 6 U  

COMMON /COMALL/ COM ( 1 0 6 2 )  
D I H E N S I O N  UORD ( 2 )  

A R C 3 1 7 € 5  

D I M E N S I O N  AWORD ( 2 )  
A i 3 C D 1 7 5 7  
A R C 3 1 7 6 9  

1 ( I N I T ,   C O R ( 7 ) ) ,   ( I A M T P ,   C O M ( 9 ) ) ,   ( T O L A L L ,  COR ( 2 3 ) ) ,   ( P l ,   A 4 C D 1 7 7 ?  
2 C o n  (33) ) e  ( T 2 D S ,  COM ( 9 1 ) ) ,   ( 2 2 ,   E 3 M ( 9 2 ) ) ,   I P 2 ,  COY ( 9 3 ) ) ,  (H2,  A B C 3 1 " 7 1  

~ ~ c ~ 1 7 5 5  

E Q U I V A L E N C E   ( W O R D ( I ) ,  COM ( 1 )  ) p ( I D S ,  C O Y  ( 3 )  ) ( R T ) D E ,  COY (6) ) , A B C 9 1 7 5 9  

3 C O N  (94) 1,  ( S 2 ,  COX (95)  1, (T"!DS, Z O Y  ( 1 0 1 )  1, ( P C N F D S ,  ,OM ( 1 2 4 ) ) ,   A 9 C 3 3 1 7 7 2  
4 (ZP, c o f l ( 1 3 6 ) ) ,   ( P C N F ,  C 0 3  ( 1 3 7 ) ) ,   ( T I ,   C O ? l ( 1 4 9 ) ) ,   ( H l ,   C O M ( l 5 P ) )   , A B C D 1 7 7 3  
5 (SI, C O R ( l ~ l ) ) ,   ( T 4 ,   C O M ( 1 5 € . ) ) ,  (WFSDS, C O M ( 1 8 5 ) ) ,   ( Z P D S ,  P.RCD1'7!! 
6 C 9 1 ( 1 8 6 ) ) ,   ( E T A R ,   C O M ( 1 8 7 ) ) ,  (SIF'G, C O f i ( 1 9 2 ) ) ,   ( C S ,   C 3 Y ( 1 3 U ) ) ,   A i ? C D 1 7 7 5  
7 ( A N ,  CON ( 1 9 5 ) ) ,   ( A L T P ,   C 3 5   ( 1 9 5 )  ) , ( P C X F G U ,  COY ( 1 9 9 )  ) , 4 R C D 1 7 7 F  

9 ( S I ,  CON ( 1 0 5 5 ) )  
AFiCD1777 

DATA  AWORD / 4 H C O I N ,   4 H L T  / 
A B C P 1 7 7 q  
F B C 1 ) 1 7 7 ?  

WORD ( 1 )  = A W O R D ( 1 )  
W O R D ( 2 )  = AWORD(2)  

A F C 9 1 7 P O  

I F  ( S I )  GO  TO 10 
F E C D 1 7 ? 1  
A B C D 1 7 n . ?  

A J  = 7 7 9 . 2 6 D 0  
G = 32.17404900 

A F C D 1 7 3 3  
A B C 3 1 7 5 4  

R E F 5 5  = 2 . 0 8 5 5 5 3 1 D 0 7   P . E C D 1 7 ' 3 5  
R = 1 . 9 8 6 3 7 5 D O  
T S T D  = 5 1 8 . 6 6 8 D O  

A S C D 1 7 8 E  
A B C D l 7 3  7 

G O  T O  11 
10  

A B C D 1 7 " q  
A J  = 1 . O D 0   A % C D 1 7 9 9  
G = 1 . O D O  
R E P 5 9  = 6 . 3 5 6 7 6 5 8 D 0 6  

A O C D 1 7 9 3  
A B C D 1 7 ?  1 

R = 8314.34DO A B C D  1 7 9 2  
T S T D  = 2 8 8 . 1 4 9 D 0   A B C 3 1 7 7 3  

G A J Z  = 2 , O D O  * G * A J  P . B C D 1 7 3 5  
CALL  ATMOS (ALT,TlSTD,XXI,XX2,XX3,DELTA,CS,XX4, I T E R )  A R C 0 1  7 9 6  
P1 = D E L T A   A B C D 1 7 P 7  
IF ( S I )  PI = 1 0 7 3 2 5 . 0 D O  * D E L T A   A B C 3 1 7 0 3  
T I  = T l S T D   A D C D l 7 9 9  
I F  ( I A M T P  .EO. 2 )   T 1  = T l S T D  + D E L T l   A B C D l P 0 3  
I F  ( I A M T P  .EQ. 5) C A L L  R A M 2  ( A N , E P A R )   A B C D l R O l  
I F  ( I A M T P  .NE. 1 .AND. I A Y T P  . 9E .  5 )   C A L L  R A M  ( A M , E T A R )   A B C D 1 9 3 2  
PAR = O - O D O   A F i C D l S 0 3  
CALL  PEOCON (FAE,Tl,CS,XX2,XX3,Rl,PH17,Hl) A B C D 1 8 0 4  
SI = PHI1  - R 1 * D L O G   ( D E L T A )   A B C D l P 0 5  
A2 = H1 + ( A H  * CS) ** 2 / G A J Z   A B C D l R O f i  

8 ( P C N C ,  COM ( 3 0 1 ) )   ( P C N C D S ,  COY ( 3 0 3 ) ) g  ( D E L T 1 ,   C O P   ( 4 2 ? ) ) ,  

11 ALT = A L T P  * R E P 5 9  / ( R E F 5 9  - A L T P )  AECD 179Q 
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p 2 r  = 1 . O D O  
IF (SI) P 2 T  = 101325.CDO 
DO 1 I = 1.50 
CALL THERM0 (P2T,H2,T2T,S2I',AW,C,O.9D0,1) 
IF ( D A B S ( S 2 T  - S 1 )   . L E .   . ? D O  * X'OLALL * S I )  GO TO '2 
P 2 r  = PI * D E X P (  (AH / R )  * ((5211 - '1) + ( R  / A W )  * 
CALL ERROR 
RETURN 
I F   ( I A K T P  .EQ. 3 .OR. I A M T P  . ES. 4 )  E T A F  = P2 / P 2 T  
P 2  = E T A 2  * P 2 T  
I T S E F  = 1 
IF ( I A M T P  .EQ. 4 )  I T H E R  = 0 
CALL  THERM0 ( P 2 , H 2 , T 2 , S 2 , X X 5 , 0 , 0 . ~ D ~ , I T ~ ~ ~ ~ )  
I F  ( I N I T  .EQ. 1 )  RETURN 
I F  (IDES .EQ. 1 )  G O  TO 3 
I F  (MODE . EQ. 3 )  G O  TO 4 
PCNF = G U E S S   ( M O D E , T 4  , 'T&I)S, P C N C ,   P C N C D S , ~ P Z , W F 9 0 S , T 2 ,   T 2 D S   , P : N F D S )  
PCNPGU = P C N F  
G O  T O  4 
P C N F  = P C Y F D S  * D S g R T ( T 2  / T'TD) 
FCNFGU = P C N F  
T 2 D S  = T 2  
ZP = ZFDS 

END 

1 DLOG ( P 2 T  / P I )  ) )  

F S P I - I F N  

Subroutine COINTC 

S U B i l O U T I h E  C O I N T C  
I Y P L I C I T   F E A L * B   ( A - H , O - 2 )  
L O Z I C A L  31, DUYSPL, FXF'N2P1, APT? ' i lU ,  FqV 
C3MMON /CONALL/ CON ( 1 0 6 2 )  
C3MRON /COMT)BT/  C O Y D ( 5 4 2 3 )  
DI IENSIdN W O R U ( Z ) ,   C N X I N ( l 5 ) ,   ? ? Y I Y ( 1 5 , 1 5 ) ,  WACXIN ( 1 5 ,  l c ) ,  

1 E r A X I N ( l S , l j ) ,   C N X X I ( l C ) ,   P R X X I ( 1 5 , 1 ! ) ,   W A C X X I ( 1 5 , 1 5 ) ,  
2 E T A X X I ( 1 5 , 1 5 ) ,   N P T 1 ( 1 5 ) ,   N P T X I ( 1 5 )  

DIMYNSION 0 ( 9 ) ,  WLB ( 3 , 2 ) ,  AWORD(2) 

A B C D 1 6 3 ?  
A E C D l P C S  
ABCDI S O ?  
A R C D l P . 1 3  
A E C D l R 1 1  
A S C D l A l 2  * 

A B C 9 1 R 1 3  
ABCDl  E l  1' 
A E C D 1 8 1 5  

A F C D I  81 7 
ABCD1 e l 3  
A E C 3 1 3 1 3  
A B C 9 l Q 2 3  
A 6 C D l S 2 1  
A E C O l   e 2 2  
A R C D l Q 2 3  
P 9 C D l Q 2 %  

A B C D l 8 2 5  
k P C D l P 2 7  
ABC'31P2Y 
A B C D l Y 2 3  
P.RCD1"3? 
P S C 9 1 9 3 1  
P9CUlQ72 

A B C D l P 1 5  

ASCD1.25. 

E ~ U I V A L E N C E  (wop.3(1) ,  c b r ( 1 ) ) ,  ( r n e s ,  C O M ( ~ ) ) ,  ( Y P . P ~ D T ; ,  c a y  ( 2 2 ) )  , F . ~ c D I Y ' ; ~  
" . . . .  

1 ( T O L A L L ,  C O Y  ( 2 . 3 ) ) ,   ( H 2 2 ,  :OM ( 3 ' 1 ) )  , ( T 2 ,  Cor ( Q 2 ) ) ,  ( P 2 ,  CC'Y ( 5 7 )  ) ,  P .pC31D43  
2 ( H 2 ,  COY ( g k ) ) ,  ( S 2 ,  C C Y  ( 3 5 ) ) ,  ( 3 2 2 ,  COM ( 9 6 ) ) ,  ( T Z ? D S ,  C O Y  ( > 7 ) ) ,  E B C D l P ' d 4  
3 (ZNF, C O Y ( 1 3 4 ) ) ,  ( 7 1 ,  C o ? 1 ( 1 3 5 ) ) ,   ( P C N I ,   C C I ' ? ( l h Q ) ) ,   ( P C N I D Y ,  A Z r r )  1i;:l J 

5 C O Y ( 1 7 8 ) ) ,   ( P F I D S ,  CCl! ( l B O ) ) ,   ( n T A I D S ,   C O F ( l ? l ) ) ,  (WAIr>S, k 3 C 9 l d 7 7  
t = 3 M ( l e 2 ) ) ,   ( U A Z C D S ,   C O F ; ( l J 3 ) ) ,  (ZT41, C O ? l ( l s H ) ) ,  (P31, C 3 m ( l S 9 ) ) , A P C D l F C Q ,  
7 (WAC, CON ( 1 3 1 ) ) ,   ( ' I 2 1 ,   C 3 3   ( 2 6 3 ) ) ,   ( I i 2 1 ,  CON ( 2 6 4 ) ) ,   4 P C D 1  A$? 
8 ( 5 2 1 ,   C O P l ( 2 6 5 ) ) ,   ( W A 2 1 ,  Z O Y ( 2 5 5 ) ) ,  ( T 2 2 ,   C O M ( 2 6 R ) ) ,  F3CDln5P 
9 ( w A 2 2 ,  COX ( 2 5 9 ) ) ,  ( N A 3 2 ,  C O Y  ( 2 7 1 )  ) , ( P C B L I ,  COY ( 3 ' l U )  ) , A 3 C D l F 5 1  
1 ( P C E L I D ,   C C M ( 3 0 5 ) ) ,  (C311, C O Y ( l O " ) ) ,   { W A C I ,   C O M ( 3 1 9 ) ) ,   R P C 9 l U 5 2  
2 ( W A I ,  COM ( 3 1 1 ) ) ,  ( B L T ,  CCX ( 3 1 2 ) ) ,  ( E L F ,  COP ( 3 1 6 ) ) ,   A 3 C 3 1 3 5 3  
3 (WAF, COY ( 3 1 3 ) ) ,   ( P 2 2 ,  C311 ( 3 7 5 ) ) ,  I P 2 1 ,  COY ( 3 7 7 ) ) ,  . IBCDl  Q5L' 
I: ( U 2 1 ,  C O N  ( 3 7 8 ) ) ,   ( V I N T C ,  C O Y ( 3 3 6 ) )  , (W4I!?, COY ( L 2 1 ) ) ,   A E C D 1 5 5 5  
5 ( I S P O O L ,   C O ! ! ( l 9 L ! 4 ) ) ,   ( S I ,   C O Y ( 1 ? 5 5 ) ) ,   ( D U Y S P L ,  COY ( 1 3 5 7 ) )  , A B C D l " 5 5  
5 ( F X F N 2 M ,  C O W ( 1 0 9 8 ) ) ,  (AF'I 'Th?;, 2 3 " ( 1 0 6 0 ) ) ,  (FLX, C ' 3 3 ( 1 3 F l ) )  ~ . ~ ( c 3 1 3 5 7  

4 c0.r ( 1 1 1 7 ) ) ,   ( P R I C F ,  C o x  ( 1 7 5 ) ) ,   ( E r A I c F ,  CO[I ( 1 7 7 ) ) ~  ( W A I C F ,  4 ' i C D l Q Q F  



E Q U I V A L E N C E   ( C N X I N (   1 )  , COMD ( 6 9 1 )  ) , ( P R X I N  (1.1) , COMD (706)  ) 
1 ( U A C X I N   ( 1 , l )   C O P l D ( 9 3 1 ) ) ,   ( E T A X I E ( 1 , 1 ) ,   C O M D ( 1 1 5 6 ) ) ,  
2 ( C N X X I ( l ) ,   C O N D ( 1 3 8 1 ) ) ,   ( P R X X I ( l , l ) ,   c O M D ( 1 3 9 6 ) ) ,  
3 ( W A C X X I ( 1 , 1 ) ,   C O M D ( 1 6 2 1 ) ) ,   ( E P A X X I ( 1 , 1 ) ,   C O F D ( l P 4 6 ) ) ,  
4 ( N C N I ,   C O M D ( 5 3 1 2 ) ) ,   ( N P T I   ( I ) ,  Z O Y n  ( 5 3 1 3 ) ) ,   ( N C N X I ,   Z O l D ( 5 3 2 8 ) )  , 
5 ( N P T X I   ( 1 )  , COMD (5329)  ) 

DATA  AWORD, ULH / 4 H C O I N ,   4 H T C  , 4 H  ( L O ,   4 H )  , 4EI ( 9 1 ,  OH) / 
W O R D ( 1 )  = AWORD( 1 )  
WORD ( 2 )  = AWORD (2)  
I F  ( S I )  GO T O  100 
T S T D  = 51 8 . 6 6 8 D 0  
PSTD = 1.ODO 
R A  = .0252D0 
AJ = 2 . 7 1 9 D 0  
G O  TO 101 

P S T D  = 1 0 1 3 2 5 . 0 D O  
R A  = 2 8 6 . 9 D 0  
A J  = 1 . O D 0  

T 2 2 S  = T 2 2  
H22S = H22 
s22s = s22 
P 2 2 S  = P 2 2  
T 2 2  = T 2  
H22 = H2 
5 2 2  = s2 
P 2 2  = P 2  

DELTA = P 2 2  / P S T D  
I F  ( .NOT.   PAN)  WAI = WAF - P L F  
I F   ( I D E S  . N E .   1 )  G O  TO 2 
P C N I  = P C N I O S  * THETA 
F h I  = P E I D S  
P C B L I  = P C B L I D  
I F  ( F A N )  GO T O  102  
WAICDS = W A I  * THETA / C E L T A  
DUMSPL = . T R U E .  

1 0 2   H A C 1  = MAICDS 
WAIDS = WAC1 * DELTA / T H E T A  
E T A 1  = E T A I D S  

l @ O  T S P D  = 2 8 8 . 1 4 9 D O  

131 I F  ( .NOT.   AFTFAN)  G O  T O  1 

1 THETA = D S Q Z T ( T 2 2  / T S T D )  

2 I F  ( . N O T .   P X F N 2 3 )  G O  T O  3 
C FAN A N D  M I D D L S   S P O O L   F O T A T L  A?? 3 ? Y 8  S P E E D  

S P D F A N  = C N F  * D S Q S T ( T 2  / T S T D )  
C N I  = S P 3 F A N  / T H E T A  
P C N I  = 1 0 0 . 0 9 3  * THETA * Z V I  
I F   ( I D E S  .EQ. 1 )  P C N I 3 S  = P C N I  1 7: IETA 

Z I  = D Y A X 1  ( Z I , 0 . 3 D O )  
Z I  = DMTN1 ( Z I ,  1 .  ODO) 
C N I S  = ChTI 
IF ( .NOT.   DUMSPLI  G O  T O  !! 

3 C N I  = P C N I  / (1-3C.oDc * T H E T A )  

C A L L  I N D U Y Y  ( C N I , Z I , W A I C D S ,  r rcs)  
CALL S E A R C H  ( Z I , C N T , P ~ I , W ~ ~ i , E F A I , i : ~ J X X I ( 1 ) , ~ C ~ ~ X T , P ~ X X I ( 1 , 1 ) ,  

A B C 3 1 8 5 5  
ABCDl  AS? 

A S C D 1 8 6 1  
A B C D l 8 E 2  
A B C D 1 8 6 3  
A B C D 1 8 6 4  
A B C D 1 9 5 5  
ABCD 1 86  5 
A B C b l 8 5  7 
A B C D 1 5 6 5  
ABCDlRC.3  
A B C D 1 8 7 0  
A B C D l 8 7  1 
A B C D 1 9 7 2  
A B C D 1 8 7 3  
A B C 3 1 R 7 4  
A B C D l e 7 5  
A S C D 1 8 7 5  
A B C U 1 8 7 7  
ASCD1 F 7 5  
A B C D 1 8 7 9  
ABCD1 AS0 
A B C D l 9 0  1 
A B C D 1 8 R 2  
A B C D 1 9 B 3  
ABCD1SF)S 
A F C 9 1 D Q 5  
A S C D 1 9 e 5  
A B C 3 1 P S 7  
A F C D 1 9 9 9  
A F C D 1 9 3 3  
A B C D l 9 9 ?  
A H C D 1 8 9 1  
A D C 3 1 9 9 2  
A B C D l 8 9 3  
A B C D 1 9 9 U  
A P C D 1 4 9 C  
A B C D l S 3 S  
ABCD1 P 9 7  
P.ECD1F399 
A B C D 1 3 3 ?  
A B C D l q O ?  
A B C D 1 9 0 1  
A S C D 1   P C 2  
A E C 3 1 Q 0 3  
A B C D 1 9 0 3  
AECD1 qn'5 
A B C D 1 9 7 5  
A B C D 1 0 0 7  
A B C D l 9 0 3  
A B C D 1 ? P 3  
A B C D l 9  1 3  
A 9 C D 1 9  11  

~ a c 3 1 8 6 3  
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4 

5 

6 
7 

13 

20  
2 1  

1 WACXXI(l,l),dTAXXI(l,l),NPTXI(~),1~,1~,IGO) A B C D 1 9 1 2  
A J C D 1 7  1 3  

C A L L   S E A F C f I  ( Z I , C N I , P ~ I , W A C I , E r A T . C N X I K  ( 1 )   , N C N I , P 3 X I N   ( 1 , 1 )  I A E C D 1 9 l r . I  
1 UhCXIN(l,l),ETAXIN(1,1),9~TT(l),l5,15,TG~) A B C D 1 9 1 5  

I F  ( I G 3  .EQ. 1 .OR. IGO .Ed. 2 )  WRITE ( 8 , 1 2 )   C N I S , W L H ( ! , I C O ) r   A 3 C D 1 9 1 7  
A I j C D l O l ?  

GO TO 5 

IF ( ( C N I  - C N I S )  .GT.   DO * r 3 L A L L  * CWI) M A P E D G  = I A B C D l ?  1 i 

1 WLH ( 2 ,   I G O )  
I F  ( .NOT.  FAN) WAC1 = W A I  * P U E F A  / D E L T A   A B C D 1 9 1 c  
W A I  = WACI * DELTA / THETA A E C D l  O 2 C  

YA22 = WAT A 3 C D 1 9 2 1  
I F   ( I D E S  . N E .   1 )  GO TO 7 A B q D l a 2 f  
T 2 2 D S  = T 2 2  P .F .CD1923 
I F  ( A F T F A N )   T 2 2 D S  = T 2 2 . 5   A q C D 1 q 2 7  
E T A I C E  = E T A I D S  / E T k I  l i B C D l Y 2 5  
W 4 I C F  = MAIDS / W A I  A B C D l a 2 5  
F i l I C F  = ( P L I D S  - 1 . O D O )  / ( F F T  - 1.  ODD) A E C D 1 9 2 7  
I F  (.NOT. i r [J!ISPL) S O  T O  5 A 3 C D 1 9 2 3  
P R l C F  = 1 . O D t )  PEC31027 
Z T A I C F  = f . O D 0  ABCD1O3C 
W A I C F  = 1 . O D O  A S C D 1 9 3 1  
W 3 I T E   ( 6 , 1 3 )  F R I C F , E T A I C F , I A I C P , T 2 ? D S  A C C 0 1 9 3 2  
P 9 I  = P R I C F  * ( P E I  - 1 . C ) D O )  + 1.eDO A B C 0 1 ° 3 3  
E T A I  = E T A I C F  * F T A I  , A ! 3 C D 1 9 3 ~  
W A I  = W A I C F  * W A I  A E C 3 1 0 3 5  
WAIP = W A I  A B C 3 1 9 3 6  
WACI = WACI * U E I C F  ABCD19’7  
WA22 = W A X  ABCD 1 9 3 3  
C A L L  T H C O M P  ( ~ ~ 1 , ~ ~ ~ ~ , ~ 2 2 , ~ 2 2 , ~ 2 2 , ~ 2 2 , r 2 1 , . [ 1 2 1 , ~ 2 1 , ~ 2 1 )  A S C D 1 9 3 9  
I F  ( V I N T C  .E@. 0.090)  GO T O  21 L E C D l 9 4 O  

Q ( 3 )  = G . O D O  AECD19142 
H 2 1 P  = H21 A B C D l Q 4 3  
P 2 1 D O T  = D E R I V ( 6 , P 2 1 )  AECD1 9 4 %  
C A L L   T H E R M 0  ( P 2 1 , H 2 1 , T 2 1 , 3 f 1 , X X 2 , ~ , 0 . 1 ~ D 0 , 0 )  ABCD 1 9 4  5 
W A I  = U A I P  - P 2 1 D O T  * V I N T Z  / T 2 1  / 1 . 4 D O  / I?.% A B C D 1 9 3 3  
U21 = H21 - A J  * R A  * T 2 1  A E C D 1 9 Q 7  
U 2 1 D O T  = D E R I V   ( 7 , U 2 1 )  A E C D l 9 U P  

@ ( 2 )  = O.CDO ~ ~ ~ ~ 1 9 4 1  

H 2 1 X  = ( H A I P  * H 2 1 P  - ( W A T P  - 3.41) * 1121 - TJ21DOT * P 2 1  * V I N T C  / C R C D 1 9 4 3  
1 T 2 1  / RA) / W A I  A B C D 1 9 5 I \  
E R R H  = ( H 2 1  - H 2 1 X )  / H21 A B C D 1 9 5 1  
D I E  = O S Q R T   ( D A B S   ( H 2 1  / HZ1 X )  ) A E C D 1 9 5 ?  
CALL AFQUIR ( Q ( 1 )  ,T21,EtiRU,@.CDC,20.~D~,.~~~*TOLALC,DIR,T~~T,IG~) A D C D 1 9 5 3  
GO T O  ( 1 5 , 2 1 , 2 0 ) ,  IGO A E C D 1 0 5 k  
T 2 1  = T 2 1 T  B B C D 1 9 5 5  
GO TO 18 A B C D l 3  5 3  
CALL E R R O R  h B C D 1 0 5 7  
I F  ( .NOT.   DUMSPL)  G O  T O  9 A B C D 1 0 5 8  
P R I  = 1.ODO A B C D 1 9 5 a  
E T A I  = 1 . O D O  A B C D 1 9 5 3  
T 2 1  = T 2 2  A i 3 C D 1 9 6 1  
H21 = H22 A B C D 1 9 6 2  
s21 = s 2 2  A R C D 1 9 6 3  
F 2 1  = P 2 2  A R C D 1 9 6 1  
I F  ( I S P O O L  .EQ. 1)  WA21 = U A I  A B C D 1 0 5 5  
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8 I F  ( I D E S  .NE. 1 )  G O  TO 9 
B L I  = P C E L T  * WAI 
WA21 = WA22 - B L I  
WA32 = B L I  
I F  (PAN .OR. I D E S  .EQ. 1 )  ilAC = H A 2 1  

W H I T E   ( 8 , l L ; )   C N I S , C N I  
CALL  ERROR 
P C K I  = l O @ . O D O  * THETA * Z N I  

T 2 2  = T 2 2 S  
H22 = H22S 
s 2 2  = s22s 
P22  = P 2 2 S  

11 CALL  COCOHP 
RETURN 

C 
C 
C 

13 F O R H A T ( 2 0 H O M I D D L E  SPOOL D E S I G N , b X , R H   P R I C F = , E 1 5 . 8 , 8 H   E T A T C F = ,  

1 4  FORMAT ( 1 0 I i O C N I  WAS= , E 1 5 . 9 , 1 1 H  ANI )  WOW= , E 1 5 . 9 , 1 2 1 1   C H F C K  P C N I ,  

3 IF ( D A B S  (CYI - CNIS) .LF.  1 . o m  * T O L B L L  * C F J T S )  G O  rq I O  

10 I F  ( . N O T .   A F T P A N )  G C  T O  11 

1 2  FORMAT  (19HO* * * C N I  OFF M A P , F l O . Y , 2 X , A u , A 2 , 1 1 ~ *  * *%$$E$$) 

1 E 1 5 . 8 , 8 H   W A I C F = , E 1 5 . 8 , 8 H   T 2 2 D S = , E 1 5 . 8 )  

1 12H I N P U T 6 e B S f S )  
END 

Subroutine COIPTB 

A 3 C D 1 9 6 5  
A C S D 1 9 3  7 
P . B C D l P 5 9  
A Z C 3 1 9 6 3  
A B C D 1 9 7 0  
I i B C D 1 9 7  1 
A 3 C 3 1 9 7 2  
P.RCD1 O 7 3  
A B C D 1 9 7 7  
A E I C 9 1 9 7 5  
A E C D l 9 7 5  
A a c D 1 9 7 7  
A B C D 1 0 7 3  
A S C D 1 9 7 0  
A 5 C D 1 9 9 2  
A B C D 1 9 R 1  
Ai3C31932 
A 3 C D 1 9 9 3  
A 3 C n l s 9 7  
A S C D ?  985 
ASCD1 9PEa 
A 3 C D 1 9 3 7  
A B C D 1 9 P A  
A B C D 1 9 3  3 
I B C D 1 9 9 l ’  

S U B R O U T I N E   C O I P T B   A B C D l  a 3  1 
I Y P L I C I T   ; I E A L * 8  ( A - H , O - Z )  A B C D l 9 9 2  
L O G I C A L  S I ,  F X H Z C P ,   A P T F A V   A B C D l 9 3 3  
C 3 H M O N  /COfiALL/  CON ( 1 0 6 2 )   A B C D 1 9 0 ’ 4  
COMHON /COPIDAT/  COND ( 5 4 2 3 )   A F C D 1 9 3 5  
D I E E N S I O N  WORD ( 2 ) ,  E R R   ( 9 )  , T P F X H  ( 1 5 )  , CNXH ( 1 5 ,  i s ) ,  DHFCXH ( 1   5 , 1 5 ) ,   h B C D 1 9 9 6  

1 E T A T X H ( 1 5 , 1 5 ) ,   T P P X I ( 1 5 ) ,   C N X I ( 1 5 , 1 5 ) ,   D H T C X I ( 1 5 , 1 5 ) ,   A B C D l 9 9 7  
2 E T A T X I ( 1 5 , 1 5 ) ,   N P T T F H ( l S ) ,   N P T T F T ( l 5 )   A B C D l ’ 3 9 3  

D I H E N S I O N  Q ( 9 ) ,  AWORD ( 2 ) ,   W L O ( 2 )  , WHI ( 2 )   A B C D 1 9 9 9  
E Q U I V A L E N C E  ( W O R D (  I ) ,  C O Y (   1 )  ) ,  ( I D E S ,   C O N ( 3 )  ) , (NgRAP, COY ( 2 1 )  ) ,  A B C D 2 0 3 3  

1 ( T O L A L L ,  C O Y  ( 2 3 ) ) ,   ( E R R ( I ) ,  COM ( 2 4 ) ) ,  ( H 2 2 ,  COM ( 3 4 ) ) ,  (Hz, A B C D 2 @ 0 1  
2 C3M (94)), (T5, COY ( 1 0 2 ) ) ,  (H5, COY ( 1 O 3 ) ) ,   ( S 5 ,  CON ( 1 0 4 ) ) ,  (WC5, A B C D 2 0 0 2  
3 C3M ( 1 0 5 ) ) ,   ( F A R 5 ,  CON ( 1 0 6 )  ) , ( F F H P D S ,  COM ( 1 1 8 )  ) , ( C N q P D S ,   A B C D 2  0 0  3 
4 C 0 ? 1 ( 1 1 9 ) ) ,   ( E T H P D S ,   C O N ( 1 2 0 ) ) ,   ( H P E X T ,   C O E ( 1 2 9 ) ) ,   ( P C N I ,   A B C D 2 0 0 7  
5 CON ( 1 4 0 ) ) ,   ( T F P I P ,  COH ( 1 4 1 ) ) ,  (CNIP, C O q  ( 1 4 2 ) )  , ( E T A T I P ,   h B C D 2 0 0 5  
6 C O H ( l 4 3 ) ) ,   ( D H T C I P ,   C O M ( 1 4 4 ) ) ,   ( D H T I ,   C O f l ( l Q 5 ) ) ,  ( H 3 ,  C 0 1 ( 1 5 3 ) ) ,   A B C D 2 0 0 6  

8 ( W G 5 0 ,   C O N ( 1 6 4 ) ) ,   ( F A R 5 0 ,   C O M ( 1 6 5 )  ) , ( H 2 1 ,  C O Y ( 2 6 4 ) ) ,   k B C D 2 n O S  
9 ( T P I P D S ,  COH ( 2 7 8 ) )  , ( C N I P D S ,   C O N ( 2 7 9 ) ) ,   ( E T I P D S ,  CO’I ( 2 8 0 )  ) , ABCD2009 
1 ( P F I P C F ,  CON ( 2 8 5 )  ) , ( C N I P Z F ,   3 3 P l ( 2 8 6 )  ) , ( E T I P C P ,  COY ( 2 8 7 )  ) , h B C D 2 0 1 3  
2 ( D H I P C F ,  CON ( 2 8 8 ) ) ,   ( B L I P ,   C C l l ( 3 1 4 ) ) ,   ( X N I P ,  CON ( 3 7 3 ) ) ,   A B C D 2 0 1 1  
3 (P50 ,  COR ( 3 8 3 ) ) ,  (PS,  COH (385)), ( U 5 ,  CON ( 3 8 6 ) ) ,   A B C D 2 0 1 2  
4 ( V I P T R B ,  COH ( 4 0 0 ) )  , (WAIF’, COH ( 4 2 1 )  ) , (WACP, COW ( 4 2 2 )  1 ,  ABCD2O 1 3  
5 ( X N I P D S ,   C O H ( 4 2 4 ) ) ,   ( P M I I P ,   C O f l ( 4 2 7 ) ) ,  ( S I ,  C O N ( 1 0 5 5 ) ) ,   A B C D 2 0 1 4  
6 ( F X M Z C P ,   C O H ( l O 5 9 ) ) ,   ( A F T F A N ,   C O N ( 1 0 6 0 ) )   A B C D 2 0 1 5  

E Q U I V A L E N C E  (TPPXH ( I ) ,  COFD ( 3 2 2 6 )  ) , ( C N X H (  1, I), CORD ( 3 2 4 1 )  ) , k B C D 2 0 1 6  

7 (r50, COR ( I ~ I ) ) ,  (HSO,  C ~ M  ( 1 6 2 ) ) ,  ( ~ 5 0 ,  c o m ( ? 6 3 ) ) ,   A B C D 2 0 0 7  
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1 (DHTCXH ( 1   , l )  , COHD ( 3 4 6 E ) ) ,  (EPATXH  (1 ,  l ) ,  C O H D ( 3 6 9 1 ) ) ,  
2 ( l ! P F X I ( l ) ,   C O M D ( 3 9 1 6 ) ) .   ( C N X I ( I , l ) ,   C O N D ( 3 9 3 1 ) ) ,  
3 ( D H T C X I   ( 1 , 1 ) ,  COHD ( 4 1 5 6 ) ) ,   ( E P A P X I   ( 1 ,  I ) ,  C O H D ( 4 3 8 1 ) ) ,  
4 (NTPFSH, COBD ( 5 3 7 6 )  ) , ( N P T T F H ( 1 )  , C.O?lD ( 5 3 7 7 )  ) , 
5 ( N T P F S I ,  COMD ( 5 3 9 2 )  ) , ( N P T T F I (  11, COMD ( 5 3 9 3 )  ) 

1 4H) / 
DATA AWORD, WLO, W H I  / 4 H C O I P ,  Y H T B  , 4 H  ( L O ,  4H) , 4 8  ( H I ,  

I F  ( S I )  GO TO 100  
R A  = .0252D0 
A J  = 2.719D0 
CONPAC = 1.4091D-5 
GO TO 1 0 1  

A J  = 1 . O D 0  
CONPAC = 1.0966D-2 

I F  (APTPAN)  H22 = H2 
WORD(1) = AWORD(1) 
WORD(2) = AWoRD(2) 
THEE = D S Q R T ( T 5 0 )  / P C N I  
I F   ( I D E S  . EQ. 0)  GO TO 1 
C N I P C F  = C N I P D S  * THDE 
I F  (FXM2CP)   CNIPCF = CNHPDS * THDE 

C N I P S  = C N I P  
T F F I P S  = T F F I P  
I F  (FXMZCP) G O  TO 2 
CALL  SEARCH (-1.ODo,TPFIP,ZNTP,DHTCID,ETATIP,TFFII ( 1 )  , N T F P S I ,  

100 R A  = 286 .9DO 

1 0 1   H 2 2 S A V  = H 2 2  

1 C N I P  = C N I P C F  / THDE 

1 C N X I ( 1 , l )  ,DHTCXI(1,1),ETA~XI(~,1),NFTTFI(l),15,15,IG3) 
GO TO 1 0 4  

2 CALL  SEARCH ( -  1. O D O ,  T F F I ? ,   Z N I F ,   D H T Z I ? ,   E T A T I F , T F P X H   ( 1 )   , N T F F S H ,  
1 C N X H ( 1 . 1 )   , D H T C X H ( 1 , 1 )   , E T A T X H ( f , l )   , N P T T F H ( l )  ,15,15,IS3)  

1 WRITE ( 8 , 9 )  T P F I P S ,  WLO 

1 WRITE ( 8 , 9 )  TFPIPS, # H I  

1 W R I T E   ( 8 ,  IO) CNIPS,WLO 

1 Y R I T E  (8,lO) CNIPS , ' r JHI  

1 3 4  IF ( I G O  .EQ. 1 .OF. I G O  .Zl?.  11 . O D .  I G O  . E O .  2 1 )  

I F  (IGO .E(z. 2 .OB. r G O  . ~ a .  1 2  . D R .  IGO .EQ. 2 2 )  

I F  ( I G O  .EQ. 3C .OR. I G O  . FQ. 11 .OB. IGO .LQ. 12)  

I F   ( I G O  .EQ. 5C .OR. I G O  . EQ. 2 1  . O R .  I G O  . E O .  2 2 )  

I F   ( I G O  .NE.  7 )  GC TO 3 
CALL  ERROR 
RErURN 

T F I C A L  = WGCO * DSQET (TC.0) / ( l u .  6 9 6 D O  * P50) 
IF ( S I )   T P I C A L  = WG50 * D S Q F T ( F 5 0 )  / ?so 
X N I P  = XNIPDS * F C N I  / 100.CDO 
XNIDOT = D E R I V ( 2 , X V I P )  
BTUEXT = - 7 G 6 7 0 5 D O  * HPEXI! 
I F   ( S I )  ETUEXT = HPEXT 
D B A C E L  = CGWFAC * P E I I F  * KNIP * X N I D O T  
C H r I C  = (WAIP * (H21 - f l 2 2 )  + D H A C Z C )  / (Wr.50 * T5,'?) 
I F   ( F X r 2 C P )   D H T I C  = (BTUEXT + WAC? * (H3 - 3 2 1 )  + W A i D  * 

3 NOMAP = 0 

1 (HZ1 - H 2 2 )  + DHACLL) / (WG50 * T59) 

A B C D 2 0 1 7  
ABCD20 1 3  
ABCD2@19 
ABCD2020  
B B C D 2 0 2 1  
ABCD2022  
ABCD2023  
ABCD2024  
ABCD2 0 2 5 
ABCD2026  
ABCD2027  
ABCD2Q2A 
Af (CD2023  
ABCD2030  
ABCD2031  
ABCD2032  
ABCD2333  
ABCD2034 
ABCD2035  
ABCD2036  
ABCD2037  
ABCD2038  
ABCD203q 
ABCD2043  
ABCD2OL11 
ABCD20U2 
ABCD204 3 
BBCD2"74 
F . E C D 2 0 4 5  
ABCD20L16 
A 9 C D 2 P 3 7  
ABCD20h5  
ABCD2 0 U  3 
ABCD235?  
A 3 Z D 2 Q 5 1  
A 9 C 9 2 3 5 2  
ABC'32C53 
ARCD2C57 
ABCD2n55  
A E C 7 2 @ 5 €  
ABCD2057 
AT3C92CSP 
AECD3053 
ABCD2CEP 
AEL 'DLOS 1 
ARCD2052  
ABCD2063  
A B C D 2 0 6 1  
ABCD2365  
A B C 3 2 0 5 5  
ADCD29667 
A B C 3 2 0 5 q  
ABC3265  3 
F P r C 2 0 7 0  
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1 0 2  
6 

103 

7 

E 

19 

15 

2 0  
2 1  

C 
C 
C 
9 

I F  ( I D E S  . EQ. 0) GO TO 6 ABCD2C71 
T F I P C P  = T F I P D S  / T P I C A L  A B C 3 2 3 7 2  
D H I P C P  = DHTIC / D H T C I P  ABCD2073  
E T I P C P  = E T I P D S  / E T A T I P  ARCD2377 
I F  (.NOT. FXH2CP)  GO TO 1 3 2  ABCD207c 
T F I P C F  = TFHPDS / T F I C A L  ABCD2@?6 
E T I P C F  = ETHPDS / E T A T I P  A 9 C D 2 0 7 7  
WRITE ( 6 , l l )  CHIPCF,TFIPCF,ETIPCF,DHIPCP ABCD2(1? 3 
T P I C A L  = T F I P C F  * T P I C A L  ABCD2073  
D H P C I P  = D H I P C F  4 DHTCIP  .9BCD? OF! 3 
E T A T I P  = E T I P C F  * E T A T I P  A9CD293  1 
DHTI = D H T I C  * T 5 0  ABCD2C52 
N 1  = 8 ABCD2093  
N2 = 9 A3CD2 C97 
I F  (,NOT.  PXM2CP) GO T O  103 ABCD2C95 
N 1  = 1 ABCD20F5 
N 2  = 2 ABCD?OY? 
E R R ( N 1 )  = ( T P I C A L  - TFFXP)  / T P I C A L  A a C D 2 0 P c  
E R R ( N 2 )  = ( D H T I C  - DHTCIP) / DHTIC EZCD2 03  3 
CALL  THTU2B (DHTI,ETATIP,FAR5~,H5~,S~o,P~~,T~, H S , S 5 , P 5 )  A B C D 2 r a 3  
I F   ( B L I P  .LE. O.ODO) GO T 3  7 . lBCD2GQ1 
FAR5 = F A R 5 0  * YG50 / (WG50 + B L I P  * ( F A R 5 0  + 1.ODO)) . 4 5 C 9 2 C 3 2  
WG5 = WG50 + B L I P  A 3 r D 2 Q ?  7 

H5 = ( B L I P  4 A3 + H G 5 0  * H5) / W G 5  l F C D 2 0 3 9  
CALL THEEMO (P5,H5,TS,S5,XX2,1,FAR5,1) ARCD2C?S 
G O  TO 8 A5SD3P35  
PAR5 = F A R 5 0  ABCD2P97 
WG5 = WG50 A B C D 2 0 3 3  
I F  ( V I P T R B  .EQ. O.oD0) G O  T O  2 1  ARCD2Q??  
Q ( 2 )  = O . O D O  AE(CD2 1 0 7  
Q ( 3 )  = O.ODO A3CD2 1 3  1 
WGSP = W G 5  F B C D 2 1 0 2  
HSP = H 5  P.BCD? 133  
P5DOT = D E R I V   ( 1 4   , P 5 )  ABCD210!1 
CALL  THEEYO (P5,HS,T5,S5,XX2,1,FA35,0) 9 5 C D 2 l 1 5  
W G 5  = WG5P - PSDOT * VIPTRR / l’5 / l . 4DO / R A  P.ECD2lOF: 
U5 = H 5  - R A  * A J  * T 5  A B C D Z  1 0 7  
U5DOT = DERIV ( 1  5 ,US) ABCD210O 
H 5 X  = (WGSP * H5P - (WG5P - WG5) * US - U5DOT * ?5 * V I F T S I )  / ARC37 1 0 9  

1 T 5  / R A )  / W G 5  AdCD2  11: 
EPRW = (H5 - H5X) / H5 ARCD2111 
D I E  = DSOET(DABS  (H5 / H 5 X )  ) APCD? 1 1  3 
CALL  AFQUIR  ( ;2 (1 )   ,T5 ,ERRY,3 .OD3,20 .ODo, .   1DO*TOLALL,DIS ,T~T, IGO)   ABCD2113  
G O  T O  ( 1 5 , 2 1 , 2 0 ) ,   I G O  ABCD2 11 1 
T 5  = T 5 T   A B C 3 2 1 1 5  
GO T O  18 A9CD2115  
CALL  ERROR ASCD2117  
H22 = H22SAV  ARC32119 
CALL  COLPTB ABCD2 1 1  3 
RETURN Ai3rD2120  

A q C D 2 1 2 1  
kECD2 1 2 2  
AF3CD2123 

FORYAT (19AO*****TFFIP  OFF MA?,,P10.4,2X,A4,A2,1lH*****!5S$$%~) P.BCD2 1 2 1  
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10 
11 

1 0 0  

10 1 

1 

. P P E M A T   ( 1 9 H C * * * * *   C N I P   O F F  M E P , F 1 0 . 4 , 2 X , A 4 , A 2 , 1 l H * ~ * * * g $ B b $ a )  ABCD2 1 2 5  
F O R ! I A T ( 2 D H O I . P .   T U R B I N E  D E S I G 5 , 5 X , 7 H C N I P C F = , E l 5 . P , 8 n  T F I P C P = ,  A R C D 2 1 2 5  

1 E15.8,6H E T I P C F = , E 1 5 . 6 , 8 H   D H I P Z F = , E 1 5 . 8 )   A P C D 2 1 2 7  
END ABCD2 1 2 3  

Subroutine COLPTB 

S U E R O U T I N E   C O L F T B   A B C D 2 1 2 3  
T 3 P L I C I T  REAL*R  (A-H, 0 - 2 )  P . B C D 2 1 3 3  
LOGTCAL S I ,  FXkNZN,   AFTFAN  ABCD2 13 1 
CONMOH  /COMALL/ C O N ( 1 0 6 2 )   A B C D 2 1 3 2  
COMHON /COMDAT/  COND ( 5 0 2 3 )  ABCD:! 1 3 3  
D I C E N S I O N   W O R D ( 2 ) ,   E R R ( 9 ) ,   T F F X L ( 1 5 ) ,   C N X L ( l E , 1 5 ) ,   ~ t i T C X L ( 1 5 , 1 5 ) , A B C D 2 1 3 3  

1 E T A T X L   ( 1 5 , 1 5 )  , E j P T T F L   ( 1 5 )   A B C D 2 1 3 5  
D I H E N S I O R  Q ( 9 ) ,  A W r ) P D ( 2 ) ,   W L 0 ( 2 ) ,  W H I  ( 2 )   k I 3 C 3 2 1 3 5  
E Q U I V A L E K C E  (WORD ( I ) ,  Cod ( 1 )  ) ,  ( I D E S ,  COM ( 3 )  ) ,  (NOCP,P,  COM ( 2 0 )  ) , A E C D 2 1 3 7  

1 ( r a u L L ,  C O N  ( 2 3 1 1 ,  ( Z F E  ( 1 ) .  C D V  ( 2 4 1 1 ,  ( ~ 2 2 ,  C O M ( ~ ~ ) ) ,  ( r r2 ,  b B C D 2  13') 
2 COH ( 9 4 ) ) ,   ( T 5 ,   C O N ( 1 0 2 ) ) ,  (H5, COY ( 1 0 3 ) ) s  (S5,  COY ( 1 3 4 ) ) ,  ( E T 5 ,  EFC32139 
3 C 3 M ( 1 0 5 ) ) ,   ( F A B 5 ,   C O Y ( l G 5 ) ) ,  (HPEXT, C O Y ( 1 2 9 ) ) ,  ( D C N F ,  C O h 1 ( 1 3 7 ) )  , P B C D 2 1 4 1 '  
4 (H3, C O M ( 1 5 3 ) ) .  (H21,  C O " l ( 2 k 4 ) ) ,  (r55, C O 1 ( 2 7 2 ) ) ,  
5 (855, COM ( 2 7 3 )  ) , ( S 5 5 ,  CON ( 2 7 % )  ) ,  ( T F L P D S ,  COY ( 2 7 5 )  ) , 
6 ( C N L P D S ,  CGM ( 2 7 6 )  1, ( E T L P D S ,  Z O Y  ( 2 7 7 ) ) ,   ( T F L P C F ,  C O Y  ( 2 P 1 )  ) , 
7 ( C N L P C F ,   C O R  ( 2 8 2 ) ) ,  ( E T L E C F ,  CON ( 2 8 3 )  ) , ( D i i L P C F ,  COY ( 2 F 4 )  ) , 
8 ( T F F L P ,  C O Y  ( 2 8 9 ) ) ,  (CNL!?, CCY ( 2 9 0 )  ) , ( E T A T L P ,  COM ( 2 9 1 )  ) , 
3 ( D H T C L P ,  CON ( 2 9 2 ) ) ,   ( D H T F ,  C 3 Y  ( 2 ? 3 ) ) ,  (C,LLP,  C O Y  ( 3 1 5 ) ) ,  

2 ( F 5 ,  CON ( 3 8 5 ) ) ,   ( P f 5 ,  COR ( 3 P 7 )  ) , (U55, COY (3€!6)), 
3 ( V L P T R B ,  CON ( 4 0 1 ) ) ,  ( W A F P ,   C O Y ( 4 2 0 ) ) ,   ( W A X P ,  COY ( 4 2 1 ) ) ,  
4 ( X N L P D S ,   C O P   ( 4 2 5 ) )  , ( P M I L P ,  COY ( 4 2 9 )  ) , ( I S P O O L ,  COY ( 1 0 4 4 )  ) , 
5 ( S I ,  C O M ( 1 0 5 5 ) ) ,  (FXF!J2M, C O N ( 1 0 5 8 ) ) ,  (APTFBN,  C O V ( 1 3 5 0 ) )  

1 ( D H T C X L   ( l , l ) ,   C O R D   ( 4 6 4 6 ) ) ,   ( E T A T X L  (1  , l )  , C O N D ( 5 3 7 1 ) )  , 
2 ( N T F F S L ,  COMD ( 5 4 0 8 )  ) , ( N P T T F L (   1 )  , COMD ( 5 4 0 5 )  ) 

1 (WG55, COR ( 3 2 3 )  ) , (FAR55, CCK ( 3 2 4 )  ) , ( X N L P ,  CO?! ( 7 7 k )  ) , 

E Q U I V A L E N C E   ( T F F X L   ( 1 )  , COMD ( 4 5 0 6 )  ) , ( C N X L   ( 1 . 1 ) .  C0M.P ( 4 6 2 1 ) ) ,  

DATA  AWORD, WLO, W H I  / & H C O L P ,   4 H T S  , 4 H  ( L O ,  4.4) , 4A (HI, 
1 4 H )  / 

W O R D ( 1 )  = A W O R D ( 1 )  
W O R 3 ( 2 )  = A H O R D ( 2 )  
I F  ( S I )  GO T O  100 
EA = . 0 2 5 2 D 0  
A J  = 2 , 7 1 9 8 0  
CONPAC = 1 . 4 0 9 1 D - 5  
G O  T O  101  
R A  = 2 8 6 . 9 D C  
A J  = 1 . O D 0  
C O N P B C  = 1 . C 0 6 6 D - 2  
THDE = D S Q R T ( T 5 )  / P C N F  
I F  ( I D E S  . EQ. 0)  G O  TO 1 
C N L P C F  = C N L P D S  * THDE 
C N L P  = C N L P C F  / THDE 
C N L P S  = C N L F  
T F F L P S  = T F F L P  
C A L L   S E A E C H  (-1.ODO,TPPLP,2NLP,DHTCLP,ETATLP,TFFXL(l) , N T P P S L ,  

I F  ( I G 3  .ZQ. 1 .OR.  I G O  .Ea. 11 .3R. I G O  .EQ. 2 1 )  
1 C N X L ( 1 . 1 )   , D H T C X L ( 1 , 1 )  ,ETArXL(1,1),VPTTFL(l),l5,15,IG3) 

kEC'32 11 1 
A R Z D 2 1 4 2  
:?BCD21&!3 
F.3CD3- 14 u 
AECD2 11!5 
h 5 C D 2  1 C 5 
f l S C D 2 1 4 7  
A B C 3 2  1 
A B C O 2   1 4 ?  
ARCD2 I ? ?  
ABCDZ 1 5  1 
A B C 3 2 1 5 2  
AF3CD2 1 5  3 
R B C D 2   1 5 4  
A R C D 2 1 5 5  
P.BCD2 1 5 5  

.4BCD213!3  
A P E D 2   1 5 9  
ABCD2 1 6 9  
ABCD:! 1 5  1 
A S C D 2  1 6 2  
k 9 C D 2   1 5  3 
ARCD2 1 E 4  
ABCD2 1 5  5 
ABCD2 165 
A E i C 3 2 1 6 7  
A B C D 2 1 5 5  
ABCD2 15  3 
k B C D 2 1 7 C  
ABCD2 1 7  1 
A B C D 2 1 7 2  
ABCD2 1 7 3  
A B C D 2   1 7 4  
ABCD2 175 

F B c D 2 1 5 7  
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I I 111111 I I I I  

1 WRITE ( 8 , 8 )  T F F L P S ,  WLO 

1 WRITE (5,8) T F P L P S ,  W H I  

1 WRITE (8,9) CNLPS,WLO 

1 WRITE (8,9) CNLPS,WHI 

I F   ( I G O  .EQ. 2 .OR. IGO .EQ. 1 2  .OR. IGO . E Q .   2 2 )  

I F  ( I G O  ,EQ. 10  . O R .  I G C  .Eo. 11 . 3 3 .  I G O  .EQ. 1 2 )  

TP ( I G O   . E Q .  20 .Of t .  IGO . EQ. 2 1  . 3 R .  I G O  .En. 2 2 )  

I F  ( I G O  .NE. 7 )  GO TO 2 
CALL  EEROE 
RETURN 

TFLCAL = W G 5  * DSQRT  (TS) / ( 1 4 . 6 9 6 D O  * P5) 
I F   ( S I )  TFLCAL = WG5 * D S 2 R T ( T S )  / P 5  
XNLP = XNLPDS * PCNF / 1 C 0 . O D O  
XNLDOT = DERIV  (3 ,XNLP)  
DHACEL = CONFAC * P N I L P  * XNLP * XNLODT 
DHTCP = (WAFP * ( H 2 2  - H2) + DHACEL) / (WG5 * T 5 )  
DEXT = DHTCF 
I F  (FXFNZM . A N D .  .NOT.  AFTFAN)  DHTCF = DEXT + WAIP * ( H 2 1  - H 2 2 )  

1 / (WG5 * T 5 )  
I F  (FXFN2M . A N D .  AFTFAN)  DHTCF = DZXT + WkIP  * ( H 2 1  - 112) / 

1 (WG5 * T 5 )  
I F  ( I S P O O L  .GE. 2)  G O  TO 1 1  
BTUEXT = 0 . 7 0 6 7 0 5 D O  * HPEXI' 
I F   ( S I )  GTUEXT = HFEXT 
DilTCF = DLXT + BTUEXT / (WZ.,' * T5) 

T F L ? C F  = T F L P D S  / TFLCAL 
DHLPCF = DHTCF / DHTCLP 
ETLTCF = ETLPDS / ETATLP 
WRITE  (6 , l ' l )   CHLPCF  ,TFLFCP,   ETLPCF,   DALPCP 

5 TFLCAL = T F L P C F  * TFLCAL 
DHTCLP = DHLPCF * DHTCLP 
ETATLP = ETLPCF * ZTAPLP 
DHTF = DHTCF * T 5  
I1 = 3 
I 2  = 4 
I F   ( I S P O O L  .NE. 1) G O  TO 1 0 2  
1 1  = 1 
I 2  = 2 

ERR ( 1 2 )  = (UHTCF - DHTCLP) / DHI'CF 
CALL  THTUfiB ( D U T F , E T A T L P , P A R S , H 5 , S 5 , P 5 , r S 5 , 1 ~ 5 5 , S 5 ~ , P 5 j )  
I F  (BLLP  .LE.  O . O D 0 )  GO T O  6 
F A R 5 5  = FAR5 * WG5 / (MGS + BLLP * ( 1 . c ) D O  + PARS) ) 
W G 5 5  = W G 5  + BLLP 
H55 = ( B L L P  * H3 + W G 5  * H 5 5 )  / WG55 
CALL  THERM0 (P55,H55,T55,S55,XX2,1,PAB55.1) 
GO TO 7 

6 FAR55 = FAR5 
W G 5 5  = WG5 

Q ( 2 )  = O . O D O  
Q ( 3 )  = O . O D O  

2 NOMAP = 0 

11 I F  (IDES .EQ. 0 )  G O  TO 5 

1 3 2  ERR ( 1 1 )  = (TFLCAL - T F F L P )  / TFLCEL 

7 I F  (VLPTRB .EQ. O.ODO) G 3  TO 2 1  

BBCD2 1 7 6  
ARCD2177  
A BCD2 1 7 9  
ABCD2 1 7  3 
A B C D l l 8 @  
A 3 C 3 2 1 3 1  
ABCD21C2 
ABCD2183  
ABCD2 1 9  7 
AACD2185 
BRCD2195 
ABCD2197 
ABCD21PS 
ADCD2 1 3 3  
ABCi l219p  
ASCD2 1 3  1 
ARCD2 1 9 2  
9BCD2 1 9  3 
ABCD2137 
ABCDZl??  
AECD2135 
A B C 0 2 1 9 7  
hac112139 
P.BCD21?? 
.9iiCD22"P 
~ ~ c 1 ) 2 2 ~  1 
A 3 C r ) 2 2 7 Z  
APCD2233  
A 3 C D 2 2 0 3  
ADCD22?3 
A B C D 2 2 3 F  
B , ? C 3 2 2 3 7  
P .OCT)22@~ 
? i 8 C D 2 2 ' ? 9  
AOCD2217 
A a c n 2 2 1 1  
A 3 C D 2 2 1 2  
A 9 C 3 2 2 1 3  
AEiCD22111 
h B C D 2 2 1 5  
3 3 C D 2 2 1 5  

A 9 C Q 2 2 1 3  
ARCD2219 
A 5 C D 2 2 2 9  
AECD2 2 2  1 
ABCD2222 
ABCD2223  
ABCD2224 
ABCD2225  
ABCD2225  
ABCD2227 
ABCD2229 
ABCD2229  

n ~ c ~ 2 2 1 7  
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19 

19 

20 
21 

C 
C 
8 
9 
10 

YG55P = WG55 
H55P = H55 
P55DOT = DERIV (16,P55) 
CALL  THERM0 (P55,855,T55,S55,XX2,1,FAR55,0) 
WG55 = WG55P - P55DOT * VLPTRB / T55 / 1.4DC / RA 
055 = H55 - R A  * AJ * T55 
U55DOT = DERIV (17 ,U55) 
H55X = (UG55P * H55P - (WS55P - WG55) * U55 - U55D3T * P55 * 

1 VLPTBB / T55 / RA) / WG55 
E R R W  = (H55 - H55X) / H55 
DIB =, DSQRT(DABS(H55 / H55X)) 
CALL AFQUIR (Q(1) ,T55,EERW,O.OD0,20.0DO,. 1DC*TOLALL,DIR,T55T,IGO) 
GO TO (19,21,20), I G O  
T55 = T55T 
GO TO 18  
CALL ERROR 
CALL  PRTOSD 
RETURN 

POR3AT (19HO*****TFFLP OFF  MAP,F19.4,2X, A4, A2,1 lH*****$SfS$S)  
FORMAT (19H@***** CNLP OFF n n P , F 1 0 . 4 , 2 X , a 4 , A 2 , 1 l H * ~ * * ~ $ $ $ ~ ~ $ )  
P3RMAT (20HOL.P. TURBINE DESIGN, 5X,?HCNLPCP=,E15.8,8H TFLPCF=, 

END 
1 E15.8,8Fi ETLPCP=,E15.8,8H DHL?CF=, E15.a) 

Subroutine C O M E  

ABCD2230 
ABCD2231 
ABCD2232 
ABCD2233 
ABCD2234 
ABCD2235 
ABCD2236 
AECD2237 
ABCD2239 
ABCD2239 
ABCD224 0 
ABCD2241 
ABCD2242 
iIBCD224 3 
A9CD224G 

ABCD2246 
Ai(CD2247 
ABCD22kEi 
99CD22u3 
ASCD2253 
F.BCD2251 
P.B.CD2252 
AnCD2253 
ABCD2259 

~ ~ ~ ~ 2 2 4 5  

SrJEROUTINE COMIX A5CD2755 
IMPLICIT REAL*S ( A - 9 , ' ) - Z )  A ' c C Q 2 2 S F  
LOSICAL SI AQCD22c7 
COMMON /CONALL/ CON (1062) AFr32253 
DIMENSION WORD (2). ERR (9), DUMD1 (1:) ABCD225a 
DIM3NSION QQ (9) , AWORD (2) A:JC!?7257 
EQUIVALENCE (WORD ( l ) ,  COM(1)), (IDES, CCI(r)), (33DE, COY ( 5 ) ) ,  P.3C32261 

1 (ISASNX, COY ( l o ) ) ,  (NOMAP, COY  (20) ) ,  (TOLBLL, C O Y  ( 2 3 ) )  , ( W P F ( l ) ,  A ? C D Z ? E ?  

3 C3tY(48)), (S25, C O Y  (49)), (A25, COU(3?)), (V25, C O V ( S ? )  1 ,  ( A Y C 5 ,  A3C32?6L; 
4 CoN(107)), (V55, C0;I (1G8)), (455, c'o?I(10?) ) ,  (Ps55 ,  Z O Y  (1 13)), .43cD%255 
5 (St;, COfl(111)), ( P S 6 ,  COP?(ll2)), (V5,  CO?(113)), t s c n ? ? E f :  
6 (PBFDS, CoM(125)), (ZF, ZOM(136)), (PCNF, COY(137)), F'lTq2267 
7 (T55, CO3(272)), (H55, COM(273)). ( S S S ,  COY(27U) ) ,  .7CD22i53 
8 (PRCDS, COM(297)),  (YC2",  CO?z ( 3 2 1 )  ) (FAE2L.n C O Y  (322)) PSCD37ES 
9 (WG55, CON. (323) ) , (FAR55,  COM(324) ) , (AM6, COP! (327)) , A 9 r l 9 7 2 i C  
1 (A6,  CON(328)), ( W G 6 ,  COil(333) ) , (TE, COE(331)), ( P 6 ,  COY (332) ) , A9CD2271 
2 (H6, COM ( 3 3 3 )  ) , (P55, COT (367) ) , (DrIflD1 (1) , COM (LO5) ) , .43C32272 
3 ( P R F N E W ,  CO?I (991) ) , (PRCNFW, C O Y  (992) ) , (ICOMIX, CCY (1047) ) , ARCP2277 
4 ( K K G O ,  Cot! ( 1 0 4 8 ) ) ,  (SI, C O M  (1055)) lrEC3727Ll 
DATA AWOR3 /4ii COY,  4HIX / ABCD227q 
WORD(1) = AWORD (1) ABC32276 
WORD(2) = AWORD(2) ABCD2277 
I F  (SI) GO TO 100  ARCD2279 
A J  = 778.25D0 ABCD2273 
CAPSF = 2116.2170DO ABCD279r 

2 CO!! (24))t  (A'l25, CGP!(45)), (T25, C3?1 ( Y g ) ) ,  (P25, CUI ( 0 7 ) )  , (1125, A3CD22E3 
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G = 3 2 . 1 7 4 0 4 9 D O  
RDEM = 1 . 9 8 6 3 7 5 D 0  
GO TO 101  

C A P S P  = 1 . O D O  
G = 1.ODO 
RDEM = 8 3 1 6 . 4 1 D O  

I C O n I X  = 0 
C A L L   P R O C O M   ( P A R 5 5 . T 5 5 , X X 1 , X X 2 ~   X X 3 , X X 4 , P E i I 5 5 , X X 5 )  
C A L L   P R O C O M   ( P A R 2 4 , T 2 5 , X X l   , X X 2 , 8 X 3 8 X X 4 8 P H 1 2 5 8 X x 5 )  
IF (IDES .EQ. 0) GO T O  12 

1 0 0  AJ = 1.ODO 

131 GAJ2 = 2.0 * G * AJ 

1 * f *  C A L C U L A T E  A55 A N D  A 2 5  WITH PS25=PS55 
IF ( ~ ~ 5 5  .EQ. 0 . 0 ~ 0 )  GO ro  3 
P O P  = PS55 / P55 
A L P O P I  = DLOG  (1.ODO / P O P )  
T S 5 5  = T 5 5  * P O P  ** , 2 8 6 D 0  
DO 1 I = 1,50 
CALL  PROCOM (~AR55,TS55,CS558AK55,CP55,REX55,REX~5,PHI~55,HS55) 
PHIS = P H I 5 5  - R E X 5 5  * A L P 3 P I  
D E L P H I  = PHIS - PHIS55 
IF ( D A B S   ( D E L P H I )  .LE. ..ID0 * T O L A L L  * P H I S )  GO TO 6 
T S 5 5  = TS55 * D E X P ( 4 . 0 D O  * D E L P H I )  
ICOr!IX = 1 
CALL  ERROR 
FETURN 
TS55 = 0.875DO * T55  
DO 4 I = 1 ,SO 
CALL PROCOX ( F A R 5 5 , T S 5 5 , C S 5 5 , A K 5 S 8 ~ P 5 5 , R ~ X 5 5 , P H ~ S ~ 5 , ~ S 5 5 )  
v55 = A955 * cs55 
HSCAL = H55 - V55 ** 2 / S A J 2  
D E L H S  = HSCAL - US55 

T S 5 5  = TS55 + DdLHS / C P 5 5  
I C O Y I X  = 2 

P S 5 5  = P 5 5  / D E X P ( ( P H I 5 5  - P H I S 5 5 )  / R P X 5 5 )  
I F  (P555 .GT. P2J . A N D .  I D E S  .”. 1 . L N D .   I G A S M P  .ST. 0 )  
I F  (H55 .GT. 3.555) GO TO 7 
W R I T E  ( 8 , 4 6 )  P5S8PS55,T55.rS55,H5j. HS55 
I C O M I X  = 3 
C A L L  E R R O R  
V55 = D S Q R T   ( G A J 2  * (H55 - f lS55))  

A55 = WG55 / (RHO * V55) 
AY55 = V55 / C S 5 5  
I F  ( I G A S M X  .GT. 0 )  GO T O  3 
W R I T E  (6,47) A 5 5 , A ? I 5 5  
I F  ( I G A S M X )  35 ,41 ,8  
PS25  = PSS5 
P O P  = PS25 / P25 
A L P O P I  = DLOG ( 1  .OD0 / P O P )  
T S 2 5  = T 2 5  * P O P  ** .296D3 
DO 9 I = 1,50  

IF ( D A B S  ( D E L H S )  . L E .  . s o 0  * T O L A L L  * H S C A L )  G O  ro 5 

G Q  ro 2 

R H 3  = C A P S F  * PS55  / ( A J  * i i E X 5 5  * TS55)  

A 9 C D 2 2 8 1  
A B C D 2 2 9 2  
A B C D 2 2 R 3  
A B C D 2 2 3 4  
A B C D 2 2 8 5  
F . 9 C D 2 2 3 5  
A B C D 2 2 8 7  
A B C D 2 2 9 3  
A B C D 2 2 9 9  
A B C D 2 2 3 3  
A B C D 2 2 3 1  
A B C D 7 2 9 2  
A E C D 2 2 3 3  
A B C D 2 2 9 7  
A B C D 2 2 9 5  
A 9 C D 2 2 9 6  
A B C D 2 2 9 7  
A B C D 2 2 9 9  
A B C D 2 2 9 9  
A B C D 2 3 0 3  
A 9 C D 2 3 0 1  
A B C D 2 3 0 2  
A B C D 2 3 3 3  
A B C D 2 3 0 3  
A 9 C D 2 3 3 5  
A P C D 2 3 0 6  
A H C D 2 3 3 7  
ABCD2 3r9 
P . R C D 2 3 0 3  
A B C 9 2  31 3 
A B C D 2 3 1 1  
A 3 C D 2 3 1 2  
4 B C D 2 3 1 3  
A P C D 2 3 1 4  
A B C D 2 3 1 5  
A S C C 2 3 1 5  
A R C D 2 3 1 7  

GO TD &C;AOCD2 3 1 3  
A I ‘ C D 2 ? 1 3  
A B C 3 2 3 2 3  
A B C D 2 3 2 1  
A E C D 2 3 2 2  
A 6 C D 2 3 2 3  
A 9 C 9 2 3 2 7  
A 3 C D 2 3 2 r  
A E C D 2 3 2 5  
P . P C D 2 3 2 7  
A E C 9 2 3 2 3  
A E C 9 2 3 2 0  
A C C D 2 3 3 0  
A E C D 2 3 3 1  
A B C D 3 3 3 2  
A E C i 3 2 ? 3 ?  
A E C D 2 3 3 3  
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CALL PFOC3M ( F A a 2 4 , T S 2 5 , C S 2 5 , a ~ 2 5 , ~ ~ 2 5 , ~ ~ X 2 5 . P H I S 2 5 , H S 2 5 )  
PHIS = Pi3125 - REX25 * ALPOPI 
DELPHI = PHIS - PHIS25 
IF (DABS (DELPIII)  .LE. . ID9 * TOLALL * PHIS) GO 70 10 

ICOMIX = 4 
GO TO 2 

9 TS25 = TS25 * IiEXP (4.ODO * DELPHI) 

1c IF (H25 .GT. HS25) G O  TO 1 1  
WRITE (8.48) P25,~~25,T25,rsS5,H25.r~~~5 
ICOIIX = 5 
CALL E R E O R  

RHO = CAPSF * PS25 / (AJ * REX25 * TS25) 
A25 = WG24 / (HHO * V25) 
AM25 = V25 / CS25 
WRITE (6.49) 855,AM55,A25,AM25 
GO  TO 27 

11 V25 = DSQRT(GAJ2 * (Hz5 - HS25)) 

C *** CALCULATE  PS55 AND PS25 
12 

13 

14 

15 

16 

17 

18 

AECD2 33 5 
ABCD2336 
ABCD2337 
ABCD2?39 
AECD2339 
ABCD2 3U n 
ABCD234 1 
A9CD2342 
ABCD2343 
ABCD23a4 
AECD2345 
AaCD23U5 
AECD2347 
AFCD2349 
AECD23U3 
ABCD2350 
ADCD2351 
AECD2352 

YQA = UG55 / A55 ABCD2353 
C1 = P55 * DSQRT (G / (T55 * AJ) ) * CAPSF ABCD235U 
MCON = 0 APCD2355 
Q Q ( 2 )  = O.ODO ABCD235€ 
QQ(3) = O.ODO ABCD2357 
Ab55 = 0.50DO ABCD.2 35 9 
TS55 = 0.875130 * T55 ABCD2359 
DO 14 I = 1,50 AECD2 35 3 
CALL  PROCOM (PAR55,TS55,C355,AK55,CP55. REX55,PHIS5SfHS55) ABCD2361 
V55 = AN55 * CS55 AECD2 35 2 
HSCAL = H55 - V55 ** 2 / SAJ2 ABCD2363 
DELHS HSCAL - HS55 ABCD2369 
IF (DABS (DELHS) .LE. .5DO * T3LALL * HSCAL) GO TO 15 AECD2365 
TS55 = TS55 + DELHS / CP55 ABCD2366 
ICOfiIX = 6 ABCD2367 
GO TO 2 ABCD2365 
WQAT = Cl * DSQRT(AK55 / REX55) * A155 / (1.ODO + (AK55 - 1.ODO) *ABCD2369 

7 AN55 ** 2 / 2.ODO) ** ((AK55 + 1.300) / (2.0DO * (AR55 - l.ODO)))ABCD2370 
IGOGO = 0 ABCD2372 
DIR = WQA / WQAT ABCD2373 
EW = (WQA - YQAT) / WQA ABCD237U 
CALL  APQUIR (QQ(1) , R M X , E W , 3 . O D ~ , 3 G . O D O n . 5 D O * T O ~ A L L , D I ~ , A f i ~ ~ . 1 C O ~ )  ABCD2375 
ICOflIX = 7 ABCD2376 
GO TO (17.22.2) . ICON  ARCD2377 
IF (AMXT .LE. 1 .ODD) GO r 3  20 ABCD2379 
ANXT = 0.7DO ABCD2379 
MCOB = MCON + 1 ABCD2389 
IF (MCON .LE. 1) GO TO 20 ABCD239 1 
IF (MODE .EQ. 3) GO  TO 19 ABCD2382 
PCNF = DUMDl(1) ABCD2383 
WRITE (8,50) PCNF,AMX,P55,PS55, P25,PS25 P.BCD2 39 1 
PCNF = 1. OlDO * PCNP  ARCD2385 
DUMD1 (1) = PCNF ABCD2385 
NOMAP = 7 ABCD2387 
ICOMIX = 0 ABCD2389 

AMX = AM55 ABCD2371 
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19 

20 

21 

22 

103 

23 

24 

2 5  

26 
27 

R E T U R N  A9CD2393 
WRITE (8,51) ZF8AUX,P55,PS55,P25,PS25 ABCD2 3 O C  

ZP = 0.99DO * ZF A BCD2 3 ?  1 
G O  T O  18 A 8CD2 392 
I F  ( I G O t i O  .EQ. 1) GO T O  21  AaC12393 
A M 5 5  = ARXT ARCD2301 
GO T O  13 P. 3CD2 3 9  5 
AH25 = A U X T  Ai3CD239G 
GO TO 2 3  nSCD23P7 
I F  ( I G O G O  .EQ. 1 )  G O  T O  26 ABCD2390 
PS55 = P55  / DEXP( ( P H I 5 5  - PHIS55) / REX55) BECD2393 
I F  (IGASMX) 35.41.103 A3CD2493 
WQA = YG24 / A25 A 9CD2 l !  3 1 
C 1  = P 2 5  * DSQET(G / ( T 2 5  * A J )  ) * CAPSP hBCD2432 
MCON = 0 ABCD2403 
Q Q ( 2 )  = O.ODO ABCD2494 
QQ ( 3 )  = O.ODO ABCD2405 
An25 = 0.25DO ABCD2435 
TS25 = 0.875DO * T25  ABCD2407 
DO 2 4  I = 1 , 5 0  AECD2403 
CALL PROCON ( P A R 2 4 , T S 2 5 , C S 2 5 , A K 2 5 , C P 2 5 , R E ~ 2 5 , P H I S 2 5 , H S 2 5 )  ABCD2409 
V25 = AH25 * CS25 A R C D Z 4  1 @ 
HSCAL = H25 - V25 ** 2 / SAJ2 ABCD2Llll 
DELHS = HSCAL - AS25 A9CD2fi12 
I F  (DABS(DELHS) ,LE.  . 5 D O  * T3LALL * HSCAL) GO TO 25 ABCD2Y 1 3  
TS25 = TS25 + DELHS / CP25 ARCD2414 
I C O M I X  = 8 P.ECD2415 
G O  TO 2 ABCD24 16 
YQAT = C 1  * DSQRT(AK25 / REX25) * AM25 / ( 1 . O D O  + (AK25 - 1.090)  *ABCD2417 

1 AN25 ** 2 / 2.ODO) ** ((AK25 + 1 . O D O )  / (2.0DO * ( A K 2 5  - 1.ODO)))RBCD2418 
ANX = AH25 ABCD2419 
I G O G O  = 1 ABCD2423 
G O  TO 1 6  ABCD2U21 
PS25  = P 2 5  / DEXP( ( P H I 2 5  - PHIS25) / REX25)  APCD2422 
WG6 = HG24 + W G 5 5  ABCD2423 
ERR(5) = (PS25 - PS55) / PS25  ABCD242U 
WF55 = PAh55 * U G 5 5  / (FAR55 + 1 . 0 0 0 )  ABCD2425 
WAS5 = U G 5 5  / (FAR55 + 1 . o D o )  ABCD2426 
UP24 = FAR24 * UG24 / (FAR24 + 1 . O D O )  ABCD2427 
WA24 = UG24 / (PAR24 + 1 . o D O )  ABCD242R 
FAR6 = (UP55 + cIP24) / (WAS5 + WA24) A6CD2429 
8 6  = (YG24 * H25 + U G 5 5  * H55) / WG6 ARCD2030 

C 1  = PS55  * A55 * ( 1 . O D O  + A K 5 5  * A H 5 5  ** 2 )  + PS25 * A25 * ABCD2432 
1 ( 1 . O D O  + AK25 * AH25 ** 2)  ABCD2433 

TS6 = 0.833D0 * T6 ABCD243‘1 
DO 3 2  I = 1 , 5 0  ABCD2435 

C2 = YG6 * DSQRT ( A J  * REX6 * l’6 / (AK6 * G)  ) ABCD2Q37 
C3 = C2 / (CAPSP * C1) ABCD2438 
C4 = (AR6 - 1.ODO) / 2.ODO - ( Z 3  * AK6) ** 2 ABCD2439 
C 5  = 1.ODO - 2.ODO * AK6 * C 3  * *  2 ABCD2440 
C6 = C 5  ** 2 + 4.ODO * C4 * C 3  ** 2 ABCD240 1 
I C O H I X  = 9 ABCD2442 

CALL THERHO (l.ODO,H6,T6,PAI6,AUX, 1 .FAR68 1) ABCD2431 

CALL PBOCOM (PAB6,TS6,CS6,AK6,ZP6.REX6,PBIS6,HS6) ABCD2436 
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28 

29 

30 
31 

32 

33  

35 

36 

37 
c*** 

34 

54  

C 

IF (C6)   28,29,30 
CALL ERROR 
RETURN 
AM62G = - C5 / (2.ODO * C4) 
GO TO 31 

I F  (A862G .LE. 0.000) G O  T O  28 
AM6G = DSQRT(AM62G) 
V6 = A M 6 G  * CS6 
HSCAL  H6 - V6 ** 2 / GAJ2 
DELBS = BSCAL - HS6 

TS6 = TS6 + DELHS / CP6 
I C O H I X  = 10 
CALL E R R O R  
A6G = A25 + A55 
C7 = DSQRT(1.ODO + (AK6 - 1 .()DO) * AH62G / 2 . O D O )  
PS6 = C 2  / (CAPSP * A6G * AM6G * C7) 
P6 = PS6 * DEXP((PHI6 - PIIIS6) / REX6) 

AH626 = (DSQRT(C6) - C 5 )  / (2-OD0 * CQ) 

IF (DABS  (DELYS)  .LE. . 5 D O  * TOLALL * HSCAL) GO ro 33 

CALL THERHO (P6,H6,T6,S6,XXI,I,FAF6pO) 
S6AVE = (WG24 * S 2 5  + WG55 * 3 5 5 )  / WG6 
I F   ( 5 6  ,GE. S6AVE) G O  T O  35 
S6 = S6AVE 
P6 = DEXP(A1X * (PHI6 - S6)  / R D E M )  
I F  (IGASRX ,LE.  0) G O  TO 3 6  
G O  TO ( 4 3 , 3 7 )  , IGASHX 
T6 = T55  
P6 = P55  
H6 = H55 
S6  = S55  
WG6 = WG55 
PS6 = PS55 
FAR6 = FAR55 
A K 6  = AK55 
I F  (IDES . EQ, 0) G O  T O  38 
CALCULATES A6 AS A FUNCTIOF OF I N P U T  AH6 
TSE = T 6  / (1.CDO + ( ( (AK6 - 1.ODC) / 2,ODO) * AV6 ** 2 ) )  
DO 3 4  JJ = 1 , 5 0  
AK6P = AK6 
C A L L  PROCOM (FAR6 ,TS6 ,CS6,AK08CP6,  REX6,PBISE8  HS6) 
V6 = AM6 * CS6 
DELAK6 = AK6P - BK6 
IF (DABS (DELAK6) .LE. .5D3 * fOLALL 4 AK6) GO 70 5 4  
TS5 = T6 / (1.ODO + (((AK6 - 1.ODO) / 2.ODO) * AN6 ** 2 ) )  
I C O M I X  = 11 
CALL ERROR 
PS6 = P6 / ((l.OD0 + ( ( (AK6 - 1 . O D O )  / 2.0D0) * 1;NS * *  2 ) )  ** 
AM6ABD = AM6 
R t i O  = CAPSF * PS6 / ( A J  4 REX6 * FS6) 
A6 = WG6 / ( R H O  * V6) 
WRITE ( 6 , 5 2 )  A6 
G O  T O  44 
CALCULATES !Ib=F(A6DSSISN) 

1 (AK6 / (AK6 - 1,ODO)) ) 

ABCD2443 
ABCD24UU 
ABCD2445 
ABCD2446 
ABCD2417 
ABCD2448 
ABCD24 4 9 
ABCD2450 
ABCD2 4 5 1 
ABCD2452 
ABCD2453 
ABCD2454 
ABCD2455 
ABCD2456 
ABCD24S7 
ABCD2458 
ABCD2459 
ABCD24 6 3 
ABCD2461 
ABCD2452 
ABCD2463 
ABCD2464 
ABCD2465 
ASCD2466 
ABCD2967 
ABCD2458 
ABCD2463 
ARCD2470 
ABCD2471 
ABCD2472 
ABCD2473 
ABCD2474 
ABCD2475 
ABCD2476 
ABCD2477 
ABCD2U78 
ABCD2473 
ABCD2433 
ABCD2481 
ABCD2U32 
ABCD2483 
ABCD2 4 5'4 
ABCD2R95 
ARCD'I' 85 
A X 9 2  U 8 7 
ABCD2488 
ABCD2483 
P.BCD2YoC 
kBCD243 1 
A9CD2492 
ABCD2493 
ABCD2Y94 
ABCD2495 
BBCD2435 
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38 

39 

4 0  

4 1  

42 

4 3  

44 

4 5  

C 
C 
4 6  
4 7  

4 8  
4 3  

53 

TS6P = T6 / ( 1 . O D O  + ( (  ( A K 6  - 1 . O D O )  / 2.ODO) * AM6ABD ** 2 ) )  ABCD2437 
DO 39  I = 1,50 ABCD2498 
CALL PROCOM (FAR6,TS6P,CS68AK68CP68REX6,PHIS6,HS6) ABCD2433 
PS6P  = PS6  * ( T S 6 P   T S 6 )  ** (AK6 / (AK6 - 1.ODO)) ABCD2500 
R H 0 6  = CAPSP * PS6P / (AJ  * R E X 6  * TS6P) ABCD2501 
V 6  = DSQRT(GAJ2 * (H6 - H S 6 ) )  ABCD2502 
I F  ( (H6 - HS6) .LT. O . O D O )  G O  l’0 4 2  ABCD2503 
A6P = W G 6  / ( R H 0 6  * V6) ABCD2 5 3  U 
DELA6 A6P - A 6  ABCD2505 
V6 = WG6 / ( R H 0 6  * A6) ABCD253 6 
AM6 = V6 / c S 6  ABCD2537 
AH62 = AH6 ** 2 ABCD2508 
I F  (DABS (DELA6) .LE. .@02D3 * A6) G O  TO 4 0  ABCD2509 
TSBP = T6 / (1.ODO + ( ( (AK5 - 1 . O D 3 )  / 2.ODO) * AM62)) ABCD2510 
I C O M I X  = 1 2  A9CD2511 
CALL E R R O R  ABCD2512 
TS6 = TS6P ABCD2513 
PS6 = P S 6 P  ABCD2514 
GO TO 4 4  ABCD2515 
T 6  = T55  ABCD2515 
P6 = P 5 5  ABCD2517 
H6 = H55 ABCD2518 
56 = S 5 5  ABCD2513 
YG6 = W G 5 5  A3CD2520 
PS6 = P S 5 5  ABC32 52  1 
V6 = V55 ASCD352? 
A M 6  = AM55 ABCD2523 
I F  (IGASMX .EQ. 0) A6 = A55 AEJCD2521 
GO T O  4 4  AECD2 52 5 
WRITE ( 6 , 5 3 )  H6,HS6 ABCD2526 
I C O M I X  = 13 ABCD2527 
CALL E R R O R  ABCD2529 
AH62 = AH62G F.BCD2523 
AN6 = AM6G ABCD253p 
A6 = A25 + A55 ABCD2531 
I C O M I X  = 0 ARCD2532 
CALL  COAPBN ABCD2533 
R E T U R N  ABCD253U 
K K G O  = 1 ABCD2535 
OPRDS = PHFDS * PRCDS PDCD2536 
PRFNEW = PRFDS * P S 5 5  / P 2 5  * 1.02DO AaCD2537 
PRCNEW = OPRDS / PRFNEW ABCD253? 
I C O N I X  = 0 AECD253? 
CALL E N G B A L  A3CD25U3 
RETURN ABCD2 5 h  1 

ABCD2542 
ABCD2 54 3 

F3FcflAT (22HOSQRT OF H55-RS55 N E G  . 6 E 1 5 . 6 , 6 € i $ ~ $ $ 8 ~ )  AUCD2540 
PORNAT (20HOTURBINE A R E A  DESIGN, S X ,  6H A55=, E 1 5 . 8 ,  A H  A?l55=, ABCD2545 

1 E15.8) ABCD2545 
F3RNAT (22HOSQRT OF H25-HS25 N E G  ,6E15.6,6H$$$$$$)  ABCD2547 
P3RNAT (25HOTURBINE/DUCT A R E A  DESIGN.7H  A55=.E15.8,gH  A’155=,  ABCD2549 

1 E 1 5 . 8 , 8 H  A25=,E15.8,8H  AM25=,E15.8)  ABCD2549 
FORMAT (12HOCONIX  PCNF=,F7.4.48  A?=,F8.6,5A  P55=#F9.5,6H  PS55=,  ABCD2553 
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1 F9.5,58 P25=,F9.5,6H P S 2 5 = , F 9 . 5 , 6 8 $ $ 8 $ 9 $ )   A B C D 2 5 5 1  
51 P 3 R H A T   ( 1 0 H O C O I I X   Z P = , F 8 . 5 , 4 H  AN=,F8.6,5H P55=,F9.5,6H P S 5 5 = , F 9 . 5 , A B C D 2 5 5 2  

1 5H P 2 5 = , F 9 . 5 , E H   P S 2 5 = , F 9 . 5 , 6 H $ $ B $ 8 $ )   A B C D 2 5 5 3  
52 F 3 R I A T   ( 3 X S 2 7 H A F T E R B U R N E R   D E S I G N   A R E A  A6 ,F8.3)  A B C D 2 5 5 4  

END A B C D 2 5 5 5  
53 POIZHAT ( 3 X , 1 8 E N E G . € I S 6   F A C T 3 E  H6 ,P9.4,3XS4HHS6 .Fg.U) ABCD2 555 

Subroutine COMNOZ 

DATA  AWORD / 4 H Y N O Z ,   Q H Z L  / 
W O R D ( 1 )  = AWORD( 1) 
W O R D  ( 2 )  = AWDRD(2)  
A 8 S h V  = A 8  
A O S A V  = A 9  
NOZM = 0 
IMNOZ = 0 
I F  ( I T R A N  . EQ. 1) C A L L  
I F  ( N O Z F L T   . E Q .  1 .OR. 

S U B R O U T I N E   C O I N O Z   A B C D 2  55 7 
I H P L I C I T   R E A L * 8  (A-H , 0 - Z )   A B C D 2 5 5 8  
COMMON / C O Y A L L /   C O I ( 1 0 6 2 )   A B C D 2  55 3 
D I H E N S I O N  WORD (2)  , E R R   ( 9 )   A B C D 2 5 6 0  
D I M E N S I O N   A W D R D ( 2 )   A B C D 2 5 6  1 

1 ( I I C D ,  COR ( 1 4 )  ) , ( IMSHOC,   COR ( 1 6 )  ) , ( N O Z F L T ,  COM (17) ) , A B C D 2 5 6 3  
2 ( E R R ( l ) ,   C O M ( 2 4 ) ) .  ( P I ,  C O M ( 3 3 ) ) ,   ( W G 7 ,   C O M ( 3 3 4 ) ) .   A B C D 2 5 6 1  
3 (FAR7,  C O B   ( 3 3 5 )  ) , ( T 7 ,   C O I   ( 3 4 3 )  ) , ( H 7 ,  C O I  ( 3 4 4 )  ) , ( 5 7 ,  C O I   ( 3 4 5 ) )   , A B C D 2 5 6 5  
4 ( A B ,  COM ( 3 4 6 )  ), (ABSAV, 23M ( 3 4 7 )  ) , ( T S R ,  C O R  ( 3 4 8 ) )  , A B C D 2 5 6 6  
5 (PS8 ,  C O M ( 3 4 9 ) )  , (VS,  C O M ( 3 5 0 ) )  , ( A M 8 ,  C O M ( 3 5 1 ) ) ,  (18. C O M ( 3 5 2 ) ) , A B C D 2 5 5 7  
6 (P8, C O 1 ( 3 5 3 ) ) ,  ( A R ,  C O M ( 3 5 4 ) )  , ( S 8 ,  C O ! I ( 3 5 5 ) ) ,   ( A 9 ,   C O M ( 3 5 6 ) )  , A B C D 2 5 6 A  
7 ( A g S A V ,  COP! ( 3 5 7 ) ) ,  (TS9,  c O Y ( 3 5 8 )  ) , (PS9, CON ( 3 5 9 )  ) , A B C n 2 5 6  9 
8 (V9, C O 1 ( 3 6 0 ) ) ,  ( A I ? ,  CON ( 3 6 1 ) )  , (T5, C O I ( 3 6 2 ) )  , ( P 9 ,  COY (363)), A B C D 2 5 7 0  
9 (H9, COY ( 3 6 4 )  ), (S9, C O I ( 3 6 5 ) )  , ( P 7 ,  COI ( 3 8 9 ) )  , ABCD2 57 1 
1 ( I S P O O L ,  COP! ( 1 0 Q 4 )  ) , ( I T R A K ,  COM (1  0 4 9 )  ) I B C D 2 5 7 2  

ABCD2 573 
ABCD2 5 7  3 
A B C D 2 5 7 5  
A B C D 2   5 7 6  
A B C D 2 5 7 7  
A B C D 2 5 7 3  
A B C D 2 5 7 9  
A B C D 2 5 8 3  

izv = 1 A B C D 2 5 8 1  
I F  ( I D E S  .EQ. 1 .OR.   IAFTBN  .GT.  0 .OF.. NOZN .EQ. 1 )   I ? l N O Z  = 1 A B C D 2 5 8 2  
I F  ( I T R A N  .EQ. 1 )   I M N O Z  = 0 A B C D 2 5 8 3  
I F  ( I M C D  .EQ. 1) GO TO 1 A B C D 2 5 8 U  
CALL  CONVEG ( T 7 , R 7 , P 7 , S 7 , P A E 7 , W S 7 ~ ~ 1 ~ I Y N O Z , A 8 ~ P 7 R ~ T 8 ~ A 8 ~ P 8 , S 8 ~ T S 8 ~ A B C D 2 5 8 5  

1 P S Y S V 8 , A I 8 , I C O N )   A B C D 2 5 8 6  
G O  T 3   ( 3 , 3 , 3 , 2 )  , I C O N   A B C D 2 5 8 7  

1 ~ 9 , H 9 , P 9 , S 9 , T S 8 , T S 9 , ~ S ~ ~ P S ~ s V 8 , V 9 ~ ~ ~ 8 ~ ~ ~ 9 ~ I C O N )  A B C D 2 5 8 3  
I X S H O C  = I C C N   A B C D 2 5 9 0  
G O  T O   ( 4 , 4 , 1 . , 2 ) ,   I C G N   A B C D 2 5 9  1 

E g U I V A L E N C E  ( W O B D ( 1 )  , COI(l)), ( I D E S ,   C O 1 ( 3 ) ) ,   ( I A P I B N ,  COM ( 1 2 ) ) , A B C D 2 5 j 2  

1 C A L L   C O N D I V  (T7,H7,P7,S7,PAR7,WG7,P1,1flNOZ, A 8 , A 9 , P 7 R 8 T 8 , H 8 , P 8 , S 8 ,   A B C D 2 5 8 8  

2 C A L L  ERROR  P .BCD2532  
3 T 9  = T 8  ABCD2 593 

P9 = P8 ABCD2 595 
s9 = S8 A B C D 2 5 9 5  
T S 9  = TS8 A B C D 2 5 9 7  
PS9 = PS8 A B C D 2 5 0 3  
V9 = V 8  A B C D 2 5 9 9  
A M 9  = AI8 A B C D 2 6 0 0  
A9 = A 8  A B C D 2 0 0 1  

H9 = H 8  A B C D 2 5 3 7  

NOZCTR 
N O Z F L T   - E Q .  3) NO 
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I?lSHOC = ICON + 3 

I F  ( I S P O O L  .EQ. 1 )   E R R ( 3 )  = ERR ( 6 )  
I F  ( IHNOZ .EQ. 1 )  WRITE  (6 ,5)   A8,AM8,Ag,AM9 
RETURN 

4 ERR ( 6 )  = ( P 7 R  - P 7 )  / P 7 R  

C 
C 
5 FORMAT (14HONOZZLE  DESIGN, lOX,SA A B = ,  E l  5.8, R H  A M 8 = ,  E 1 5  

1 8 H  89;. E 15.8.8H A R 9 = , E l 5 . 8 )  
END 

Subroutine CONDN 

SUBROUTINE  CONDIV ( T 1 , H 1 , P I , S I , F A R , W G , P A , I D E S , A T , A O , P I a , T T 8 H T , P T ,  
1 S T , T O , H O , P O ,  SO,TST,TSO, psr . P S ~ ,  vr, vo, ANT,  A M O ,  ICON) 

C ICON=l   SUBSONIC,  COMPARE PIR WITH P I  
C I C O N = 2   S O N I C ,  SHOCK I N S I D E  NOZZLE, COMPARE PIR W I T H  P I  
C I C O N = 3   S O N I C ,  SHOCK OUTSIDE  N3ZZLE,  COMPARE P I F  WITH P I  
C ICON=4 ERROR 

I M P L I C I T  REAL*R (A-H,O-Z) 
LOGICAL 2 1  
COHMON /CO!iALL/ CON ( 1 0 6 2 )  
DIMENSION Q ( 9 )  
EQUIVALENCE  (TOLALL,   C0!1(23)) ,  ( Z T ,  COM ( 1 0 5 5 ) )  
Q ( 2 )  = O . O D O  
Q ( 3 )  = O . O D O  
I F   ( Z I )  G O  TO 100  
AJ = 7 7 8 . 2 6 D 0  
CAPSF = 2 1 1 6 . 2 1 7 0 D O  
G = 3 2 . 1 7 4 0 4 9 D O  
G O  TO 101 

CAPSF = 1 0 1 3 2 5 . 0 D O  
G = 1 . O D O  

101 G A J Z  = 2.0 * G * A J  
CALL PROCOM (FAR,TI,XX1.XX2.XX3,XX4,PHII,XX6) 

C *** SONIC  CALCULATIONS 
TSS = 0.833D0 * T I  
DO 2 J = 1,50 
CALL PROCOR (FAR,TSS ,CSS,AK.CP,REXS,PHISS ,HSS)  
HSCAL = H I  - C S S  ** 2 / G A J 2  
DELHS = HSCAL - HSS 
I F  (DABS  (DELBS)  .LE. . 5 D O  * T3LALL * HSCAL) G O  TO 

100 A J  = 1 . O D O  

2 T S S  = TSS + DELHS / C P  
3 ICON = 4 

4 I F  ( I D E S   . L E .  0) G O  TO 11 
RETURN 

C *** SONIC  DESIGN,  CALCULATE AT 
VT = C S S  
T S T  = TSS 
P S T  = P I  * (TST / T I )  ** ( A K  / (AK - 1 . O D O ) )  
R H O  = CAPSF * P S T  / ( A J  * REXS T S T )  
AT = WG / (RHO * VT) 
A N T  = 1 . O D 0  

ABCD2632 
ABCD2603 
ZiBCD2634 
ABCD2605 
ABCD26 3 5 
ABCD2607  
ARCD2608 
ABCD2609  
ABC326 1 3  
ABCD2611 

ABCDZF. 1 2  
ABCD2613  
ABCD26 1 7  
ABCD2615  
A B C D 2 6 1 j  
ABCD2617  
ABCD2618  
ABCD25 1 3  
ABCD2F.20 
ABCD2621 
ARCD2622 
ABCD2623 
AaCD262U 
ABCD2625  
ABCD2625 
ABCD2627 
ABCD2628 
ARCD2h29  
ABCD2639 
ABCD2631 
ABCD2632 
ABCD2633  
ABCD2637 
ABCD2635  
ABCD2636 
ABCD2637 
ABCD2638  
ABCD2633 
ABCD264O 
ABCD26LI 1 
ABCD2642  
ABCD2643  
ABCD2644 
ABCD2645  
ABCD26Q6 
ABCD2647  
ABCD2 6 4  3 
ABCD2649  
ABCD2653 
ABCD2651  
ABCD2652  
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C *** IDEAL  EXPANSION D E S I G N ,  CALCULATE A 0  

7 

8 

9 

1 0  

PSO = PA 
TS3 = TI * (PSO / P I )  ** -286DO 
DO 7 J = 1,50 
C A L L  PROCOM (PAR,TSO,CSO,AK,CP,REX,  PEISO, H S O )  
PAICAL = P H I 1  - REX * DLOG(P1 / P S 3 )  
D E L P H I  = PHICAL - P H I S 0  
I F  (DABS(DELPH1) .LE. . 1 D O  * T3LALL * PHICAL) G O  TO 8 
TSO = TSO * DEXP(4.ODO * DELPHI) 
GO TO 3 
V O  = DSQRT  (GAJ2 * ( H I  - HS3) ) 
A H 3  = VO / CSO 
AKPI = A K  + 1 . O D o  
A K M l  = A K  - 1 , O D O  
A 0  = (AT / AMO) * (2.ODO * (1.ODO + IKPll * All? ** 2 / 2.GD0) / 

P I R  = P I  
I C O N  = 3 
TO = T I  
H O  = A I  
PO = P I  
so = S I  
TT = T I  
HT = H I  
PT = P I  
S T  = S I  
RETURN 

1 AKPI) ** (AKP1 / (2.ODO * AKM1)) 

C ***  ASSUME SONIC T H R O A T  A N D  ISEb?TE?3PfC  EXPANSION TO A 3  
11 VI! = css 

A M I  = 1 . O D O  
TST = TSS 
R H O  = GJG / (AT * VT) 
PST = R H O  * A J  * R E X S  * Tsr / C A X F  
P I R  = PST * ( T I  / TST) ** ( A K  / ( A i (  - 1 . O D @ )  ) 
I F   ( P S T  , G E .  PA) G O  T O  27  
T S 3  = 0.95DO * T I  
RAM = 0 

AKP1 = A K  + 1 . O D O  
1 3  CALL PROCOM (FAR,TSO,CSC,AK,CP,RLX, FHISO, A S O )  

A K M 1  = A K  - 1.ODO 
A M 0  = DSQET(2.0DO * ((TI / TSO) - 1 .nDo) / I K Y l )  
AOCAL = ( A T  / AMO) * (2 .0D3 * (1.1)03 + A K M 1  * A M 3  ** -3 / 2.3DC) / 

EA = (A0 - oAOCAL) / A 0  
1 AKP1) ** ( x K F 1  / (2.ODC * AKM1)) 

D I 8  = DSQkT(A0 / AOCAL) 

G 3  TO (14,16,?), J C O N  
C A L L  AFQUIR ( ~ ( 1 )  , ~ S ~ , E ~ ~ , O . G D O , ~ O O . ~ D O , . ~ ~ O * T O L F L L , D I F , T S ~ T , ~ T ~ O N ~  

1 4  T S O  = TSOT 

15 TSC = 2.CDO * T I  / ( A K  + 1. (?DO) 

16 T S O  = O . 9 R D O  * T I  

17 I f  ( Q ( 2 )  .LT. 3G.CDO .C)F.  A M 0  . LT. 3 . 3 5 3 0  .OR. U 4 Y  .EO. 1) 

IF ( T S O  - r1) 75,13,15 

I F  (TSO .GT. T S C )  G O  T O  1 7  

G O  T O  13 

ABCD2653 
ABCD2651) 
ABCD2655 
ABCD2656 
ABCD2657 
AECD2658 
ABCD2655, 
ABCD206C 
ABCD2661 
ABCD2662 
ABCD2653 
ARCD2664 
ABCD2665 
AYCD2666 
ADCD2657 
AEICD2653 
A3CD2659 
ABCD267G 
AECD2671 
LBCD2672 
ARCD2673 

A3CD2675 
ARC32675 
4 a c ~ 2 6 7 7  
Ai3CD2573 
ABCD2679 
F’3CD2653 
A3C32691 
P.BCD2632 
A3CD2633 
ABCD2C97 
A9CD2r55 
ABCD2696 
AECD2657 
AE(CD2695 
ABCD2643 
FFCD269r) 
ABCD2591 
AYCD2€92 
A a C 3 2 6 9 3  
ABCD269U 
ABCD2655 
ABCD2 6 9 E 
ABCD2607 
RBCD2693 

. ; a c ~ ? 6 7 ~  

ABCD2699 
ABCD2700 
ARCD2701 
ABCD2702 
ABCD2703 
ARCD270U 
ABCD2705 
ABCD270F 
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- "_ .. - .. .. . , . , 

1 GO T O  13  
T S 3  = 2.ODC * T I  / (2 .ODO + 0 . 9 8 D O  * ( A K  - 1 . O D O ) )  
HAM = 1 
G O  T O  13 

18 P S O  = P I P  * ( T S O  / T I )  ** ( A K  / ( A K  - 1 . O D O ) )  

C *+*  C R I T I C A L   P L O Y ,   I S E N T R O P I C   E X P A N S I O N  TO PA 
19 VO = A N 0  * C S O  

I C O N  = 1 
GO T O  9 

C *** S U B S O N I C  FLOW 

IF (PSO - p a )  20,19,27 

20 

i 

22 

23  

24 

25  

26 

P S O  = PA 
Q ( 2 )  = O.ODO 
Q ( 3 )  = O . C D O  
T S O  = O . @ . 3 3 D O  * T I  
DO 2 2  J = 1,50 
C A L L   P R O C O Y   ( F A R , T S O , C S O , A K , C P , R E X ,   P H I S O ,   H S O )  
RHO = C A P S  F * P S O  / ( A J  * EEX * T S O )  
V 3  = WG / (RHO * AO) 
HSCAL = H I  - VO ** 2 / G A J 2  
D Z L H S  = HSCAL - HSO 

T S O  = T S O  + D E L H S  / C P  
G O  TO 3 
A R O  = V O  / CSO 
P I R  = P S G  * ( T I  / T S O )  ** (AK / (AK - 1 . C D O ) )  
T S f  = T S O  
C A L L  PROCOM ( F A R , T S T , C S T , A K , C P , R E X ,   P H I S T ,  ITST) 
FST = P I R  * ( T S T  / T I )  ** ( B R  / ( A K  - l " 3 D O ) )  
RHO = P S T  * C A P S F  / ( A J  * KEX * T S T )  
VT = WG / ( i7HO * AT) 
HSCAL = H I  - VT ** 2 / G A J 2  
EH = ( H S C A L  - H S T )  / HSCAL 
D I R  = 1 .OD0 + ( H S C A L  - HST)  / (ZF * T S T )  
C A L L   A F Q U I R  (Q ( 1 )  , T S T . , E H , O . C C 0 , 2 0 . 0 D C , . 5 D O * T O L A L L . D I R . T S T T . , J C O ? ? )  

IF ( D A B S  ( D E L H S )  .LE.  DO + T O L A L L  * H S C A L )  G O  ro 23 

GO r o  ( 2 5 , 2 5 . 3 ) ,  JCON 
T S T  = T S T T  
GO TO 24  
AYr = VT / CST 
I C 3 N  = 1 
G O  ro 9 

C ***  S U P E R C R I T I C A L  FLOW, I S E N T R O P I C   E X P A N S I O N   T O  PA 
27 FSO = P A  

T S 3  = T I  * ( P S O  / P I R )  ** , 2 8 6 D 0  
DO 29  J = 1,50  
C A L L   P R O C O M   ( F A R , T S O , C S O , A K , C P , R E X ,   P H I S O ,  H S O )  
P H I C A L  = P H I 1  - REX * D L O G ( P 1 R  / P S O )  
D E L P H I  = P H I C A L  - P H I S O  
I F  ( D A B S   ( D E L P H I )   . L E .  . ID0 * T J L A L L  * P H I C A L )  

GO TO 3 

AIIO = VO / C S O  
AKP1 = A K  + 1.ODO 

29 T S 3  = T S O  * U E X P  ( 4 . O D O  * D E L P H I )  

33 YO = D S Q R T   ( G A J 2  * ( H I  - H S 3 ) )  

A B C D 2 7 0 7  
A B C D 2 7 0 3  
A B C D 2 7 0 9  
A B C D 2 7  1 0  
A B C D 2 7 1 1  
A B C D 2 7 1  2 
A B C D 2 7  13  
A B C D 2 7 1 4  
A B C D 2 7  1 5  
A R C D 2 7 1 E  
A 9 C D 2 7 1 7  
A 3 C D 2 7 1 9  

A B C D 2 7 2 0  
A B C D 2 7 2 1  
A 9 C D 2 7 2 2  
A B C D 2 7 2 3  
A B C D 2 7 2 3  
A R C D 2 7 2 5  
A B C D 2 7 2 6  
A Y C D 2 7 2 7  
A B C D 2 7 2 9  
A B C D 2 7 2 3  
A B C D 2 7 3 r )  
A 3 C D 2 7 3  1 
A B C D 2 7 3 2  
A E C P 2 7 3 3  
A B C D 2 7 3 U  
A R C D 2 7 3 5  
A 3 C 3 2 7 3 5  
A B C D 2 7 3 7  
A R C D 2 7 3 5  
A B C D 2 7 3 9  
A 3 C D 2 7 Y O  
A i i C D 2 7 q  1 

h a c 9 2 7 1  o 

A B C D 2 7 4 2  
A B C D 2 7 4 3  
A B C D 2 7 4 U  
P . B C D 2 7 4 5  
ABCD27115 
A R C D 2 7 4 7  
A i 3 C D 2 7 4 9  
A 3 C D 2  7 4 3 
A 9 C D 2 7 5 P  
A B C 3 2 7 5 1  
A i 3 C D 2 7 5 2  
A 3 C D 2 7 5 3  
A B C D 2 7 5 0  

A 9 C D 2 7 5 5  
A B C D 2 7 5 7  
A 9 C D 2 7 5 A  
A B C D 2 7 5 9  
A i 3 C D 2 7 6 0  

G O  ro 30 I a C D 2 7 5 5  
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A K H 1  = A K  - 1 . @ D O  ABCD27E 1 
AOID = (AT / AMO) * (2 .CD3 * (1.0DS) + A K M 1  * A M 0  ** 2 / 2 . D D O )  / ABCD2752  

1 AKP1) ** (AKP1  / (2 .ODQ * AKPl1))   ABCD2763 
ICON = 3 ABCD2754 
N = O  ABCD2 7 6  5 
I F   ( A 0  - A O I D )   3 1 , 9 , 3 2   A B C D 2 7 5 6  

C *** S U P E R C R I T I C A L  FLOW, ISENTR3EIC  EXPANSION TO AO ABCD2767 
31 N = l  ABCD2769  
32 TSD = 0.833D0 * T I  ABCD2769 

D O  34  J = 1,100 ABCD2770  
CALL PROCOM (FAii,TSO,CSC,AK,CP,REX,PHISO,HS) ABCD2771  
AKPl  = A K  + 1 , O D 0  ABCD2772  
A K H l  = A K  - 1 . C D O  ABCD2 7 7 3 
A i l 0  = DSQRT(2 .0DO * ( ( T I  / TSO) - 1.ODO) / AKR1)  ARCD2774 
AOCAL = (AT / AYO) * (2 .OD3 * ( 1 . o D O  + A K M 1  * A M 0  ** 2 / 2.ODO) / ABCD2775  

1 AKP1) ** (AKP1 / (2.ODO * A K M 1 ) )  A S C D 2 7 7 6  
DELA = A 0  - AOCAL ARCD2777  
I F  (DABS(DELA)  .LE. . 1DO * T 3 L l L L  * A O )  G O  TO 35 ABCD2773 

GO T O  3 ABCD2793  

C *** UNDEREXPANDED, SHOCK OUTSIDE  N3ZZLE  ABCD2782 
PS3 = P I A  * ( T S O  / T I )  ** ( A K  / (AK - l , n D @ ) )   A B C D 2 7 9 3  
V O  = AYO * CSO ABCD278'1 
G O  T O  9 ABCD2785 

C *** OVEREXFAKDED,  FIND  SHOCK  POSITION  ABCD2786 

PSY = PSX * (2.ODO * A K  * A M 0  ** 2 / ( A K  + 1.oDo) - (AK - l.OD0) /ABCD2783  
1 ( A K  + 1 .ODO))   ABCD2789 

I F  (PA .GE. PSY)  G O  TO 39 ABCD2730 
C *** OVESEXPAhDED, SHOCK OUTSIDE  NOZZLE  ABCD2791 

PSO = PSX  ABCD2792 
V3 = A M 0  * C S O  ABCD2793  
G O  T O  9 ABCD2794 

C *** OVEREXPANDED,  SHOCK INSIDE  NOZZLE  ABCD2795 
30  PSO = PA  ABCD2795 

TS3 = 0.833D0 * T I  ABCD2797  
DO 41 J = 1,50 ABCD2793  
CALL  PROCOB  (FAR,TSO,CSO,AK,CP,REX,  PHIS0,HSO)  ABCD2799 
E H O  = CAPSF * FSO / ( A J  * REX 4 TSO)  ABCD2903 
V3 = WG / (RHO * AO) ABCD2831  
HSCAL = H I  - YO ** 2 / GAJ2  ABCD2802 
DELHS = HSCAL - HSO ABCD2R03 

3r: TSO = TSO * DSQRT(A0CAL / AO) ABCD2779  

35  I F  (N .LE. 0) GO T O  37 ABCD2781  

3 7  PSX = P I R  * ( T S O  / T I )  ** ( A K  / (AK - 1.ODO))   ABCD2787 

IP ( D A B S   ( D E L H S )  .LI.  D DO 4 T O L A L L  * HSCAL) GO ro 4 2   A B C D 2 8 0 4  
Irl TSD = TSO + D3LHS / CP ABCD2 8 0 5 

G O  TO 3 ABCD2806 
4 2  A M 0  = VO / CSO  ABCD2807 

T O  = T I   A B C D 2 8 0 8  
HO = H I  ABCD2803 
PO = PSO * (TO / T5C) ** ( A K  / (AK - 1. ODO) ) ABCD2810  
S O  = P H I 1  - REX * DLOG(P0)   ABCD2811 
I C O N  = 2 ABCD2812  
G O  T O  10 ABCD2813  
END ABCD23 1 4  
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Subroutine CONOUT 

SUBROUTINE CONOUT (ICON) 
I H P L I C I T  REAL*8 (A-H,O-Z) 
LOGICAL S I  
COMMON /COMALL/ COH ( 1 0 6 2 )  
D I N E N S I O N  WORDY ( 3 6 8 , 2 )  , IOUT ( 1 5 0 ) ,  AOUT(6) , W O I J T ( 6 , 2 )  

1 U O B l l ( 1 5 2 )  , WOR21(152)  , W J R 3 1 ( 6 4 )  , WOR12(152)  , N 0 2 2 2 ( 1 5 2 )  , 
2 MOR32 ( 6 4 )  , THEEND ( 2 )  , BLAEiK(2) , A I N  ( 2 )  , CHANGE ( 2 )  

EQUIVALENCE (TICIE,COM ( 9 9 3 ) )  , ( I l ! E A N , C O M ( 1 0 4 9 ) ) ,   ( S I , C O M ( 1 0 5 5 ) )  
EQUIVALENCE (WORl l (1 )   ,WORDY(1 ,1 ) ) ,   (WOR21(1)  , W O R D Y ( 1 5 3 , l ) ) .  

1 ( Y O R 3 1  ( 1 )  , W O R D Y  (305 .1)  ) , ( W C R 1 2  ( 1 )  ,WORDY ( 1 , 2 ) )  , 
2 (UOR22(1),WORDY(153,2)), (WOB32(1)   ,UORDY(3C5,2) )  

1 4HP1 , 4HH22 , 4 H A N 2 3 ,  4HWA23, 4 H T 2 3  , 4 H P 2 3  , 4HH23 , 4 H S 2 3  , 
2 4HA24 , 4KT24 , 4HH24 , 4 H S 2 4  , 4HAM25, 4HT25 , 4 H P 2 5  , 4HH25 , 
3 4 H S 2 5  , 4HA28 , 4HA28S,  4HAP128, 4HV28 , 4 H T S 2 8 ,  4 H P S 2 8 ,   Q H T 2 8  , 
4 4 A P 2 8  , 4HH28 , 4HS29 , 4HA29 , 4 H A 2 9 S 8  4HAH29, 4HV29 , 4HTS29,  
5 4HPS29,  4 H T 2 9  , 4 H P 2 9  , 4HH29 , 4 H S 2 9  , 4HEYP9, Q H W A D  , $HWFD , 
6 QHETAD, QHDPDU, 4HDPDU, 7HXXP1, 1HXWG2, 4HXFAR, 4HX725,   4HXP25,  
7 4HXH25. liHXS25, 4HXWG5. YHXFAR, 4HXT55, 4HXP55,  4HXH55,  4HXS55, 
8 YHXWPB, 4HXWFD, 4HT2DS8 4HT2 , 41fP2 , 4HH2 , 4HS2 , 4 H S 2 2  , 
9 4HT22D8 4AA25 , 4HV25 , 4HT4GU8 4HT4DS8 4HT5 , Q H H 5  , .OHS5 , 
1 4HUG5 , 4HFAR5, 4HAM55, U H V 5 5  , 4HA55 , 4HPS55,  4 H S 6  , UfIPS6 , 
2 4HV6 , 4HTFHP, QHCNHP, bHETHP, QHDHHP, 4HTFAP, 4HCSHP,  4HETHP, 
3 QHPRPC, QHETAF, QHMAFC, 4HPCNF, QHPFFD, QHETAF, QHWAPD, 4HPCWC, 
4 QHHPEX, 4HDUMD. 4HPBP , 4HETAF. QHZCDS, 4HCNF , UHWAFC, 4HZF , 
5 4HPCNF, 4HPCBL, 4 H Z I  , UHPCNI, UHTFFI,  4HCNIP,  4HEPAT,  bHDHTC, 
6 4HDHT1, 4HZID.5, 4HPCN1, QHPCNI,  4HT1 , 4HH1 , 4HS1 , OHT3 , 
7 4HH3 , 4HWA3 , 4HWA3C8 4HT4 , 4HH4 , 4HS4 , 4HWG4 , 4HFAR4, 
8 4HT50 , 4HH50 , 4 H S 5 0  , 4HUG50, YHFAR5. QHPCEL, QHFZBL,  bHPCBL, 
9 QHPCBL, 4HPCBL. QHCNHP, QHETAP, QHDHTC, 4HDHTC, HHTFPH,  QFIPFIC, 
1 4HETA1, 4HYAIC. &HETAB, UHPRID, 4HETA1, I I H W A I D ,  Y H W A I C .  OHETAB / 

1 QHWPBD, 4HZFDS, 4HET3R8 4HETA1, b H P P I  , 4HETAB, 4HWAC , QHWFS , 
2 4HBLC , 4HCS , 4HAH , UHALTP, 4HDPC0, IIHDPCO, 4HPCNF, 4HKP1 , 
3 4HXT21, 4HXP21,  4 H X H 2 1 ,  4HX.521, 4HXH3 , QHXUAF, U H X W A C ,  I(HXBLF, 
4 QHXBLD, 4HWG37, 4HA38 , CHAR39, Y H V 3 8  , 4HT38 , 4HH38 , 4 H P 3 8  8 

5 4HTS38,  4 H P S 3 8 ,  4HA39 , 4HAM39, 4HV39 , 4HT39 , 4HH39 , 4HP39 , 
6 YHTS39, 4 H P S 3 9 ,  4HWA32, 4IiDPW1, UHBPRI, 4HFGPIW, QHFGPM, QHFNWI, 
7 QHFNHA, 4HPWOV,  QHDPUG, 4HDELP. LIHDELF, 4HDELS, Q H C V D W ,  O H C V D N ,  
8 4HCVfll ,  4 H V A  , 4HVJD , 4HVJW , 4HVJH , 4HWPT , 4HWGT , 4HSFC , 
9 4HTFAB, 4HFRD , UHPGRD, 4HPGYfl, QHFGPD, QHFGPN, QHFSN , 4HFGP , 
1 4HFG , 4HFN , QHFFOV, OHPCOV, UHPHNO, 4HFNOV. 4HT21 , 4HH21 , 
2 4 H S 2 1  , 4HMA21, 4HT21D8 4HT22 , 4HWA22, 4 A S 3  , 4HWA32, 4HT55 , 
3 4HH55 , 4 H S 5 5  , &HTPLP, QHCNLP, YHETLP, 4 H T F I P ,  4HCNIP,  UHETIP,  
4 4HTFLP,  4HCNLP, QHETLP, QHDKLP, 4 H T F I P .  QHCNIP,  LIHETIP, QHDHIP,  
5 4HTFFL, 4HCNLP, QHETAT, OHDHTC, UHDHTF, QHPRCC, 4HEPAC, (IHWACC, 
6 4HPRCD, 4HETAC, LIUWACD, 4AZC , YHPCNC, 4HPCBL. QHPZNC. SHPCBL, 
7 YHPCBL, 4HCNC , 4HPBC , 4HETAC, 4HCNI , 4HWAC1, 4HWAI , PHBLI  8 

8 4HBLHP, 4UBLIP,  QHBLLP, 4HELP , CHBLDU, 4ABLOB, 4HMAP , QHWACC, 
9 4HWG24, 4HFAR2, 4HUG55, 4HFAR5, 4HP6DS8 4HAM6D8 4HAN6 , 4HA6 8 

1 4HWG6CI 4 H U G 6  , 4HT6 , 4 8 P 6  , 4HH6 , 4HWG7 8 QHFAR7. CHFAR7 / 

DATA W O R l l  / 

DATA WOR21 / 

ABCD2Al5 
ABCD28 1 6  
ABCD2R17 
A B C D 2 5  1 3  
RBCD2819 
ABCD282’J 
P.OCD2R21 
AACD2822 
P.ECD2823 
ABCD2824 
ABCD2825 
ABCD2R2j 
AECD2827 
ABCD2828 
ABCD2923 
ASCD283@ 
ABCD2831 
ARCD2832 
ABC32833 
ABCD283% 
ABCD2 8 3 5 
ABCD2836 
ABCD2837 
AYCD283E 
ABCD2833 
ABCD2840 
ABCD2@@ 1 
ABCD2842 
ABCD2843 
ABCD2849 
ABCD294J 
ABCD2R4 6 
ABCD2 84 7 
ABCD2849 
ABCD2843 
ABCD2852 
ABCD2951 
AACD2852 
ABCD2853 
ABCD2854 
1BCD2855 
ABCD2856 
ABCD2R57 
ABCD2859 
ABCD2953 
ABCD2860 
ABCD2861 
ABCD2@62 
ABCD2863 
ABCD2864 
ABCD2855 
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D A T A  WOR31 / ABCD2865 
1 4HTS7 , 4HPS7 , 4HV7 , 4HAM7 , 4HA7 , 4HT7DS,  4HT7 , 4HH7 , ABCD2B67 
2 4HS7 , 4HA8 , 4HA8SA, 4HTS8 , 4HPS8 , 4nv8 , 4HAH8 , UHT8 , AECD2853 
3 4HP8 , 4HH8 , 4HS8 , &HA9 , UHAgSA, 4HTS9 , 4HPS9 , 4HV9 , ABCD2869 
4 &HAM9 , 4HT9 , bHP9 , 4HH9 , 4HS9 , 4HETA1, PHDPAF, YHSIFA , ABCD2870 
5 4HETAA, 4HETAA, QHDPAP, U H X N H P ,  QHXNIP, QIIXNLP, 4HP22 , 4HU22 , ABCD2871 
6 4HP21 , 4HU21 , 4HP3 , 4HU3 , 4HP4 , 4HUY , 4HP50 , 4HU50 , ABCD2872 
7 4HP5 , 4HU5 , 4HP55 , UHU55 , 4HP7 , 4HU7 , 4HP24 , 4HU24 , ABCD2873 
8 4HP37 , 4HU37 , QHDUMS, QHPXPY, 4HFXU2,  4BAFTF, 4HFAN , UHISPO / ABCD287U 

D A T A  WOE12 / ABCD2875 
1 3 * 4 H  , 4HDS , 1 4  * 4H , 4HAV , 9 * 4H , 4HAV , ABCD2875 
2 8 * 4 H  , 4HSS , 3 * 4H , 4HC , 4HDS , 4H , UH4 , ABCD2877 
3 4 8 2 4  , 4 * 4H , 4H5 , UH55 , 1 2  * 4H I 4HS I ABCD28J9 
4 16 * 4H , 4 * 4HCF , 3 * hHDS , 4HF , 4HCF , 4HF , ABCD2879 
5 UHDS , 4HS , QHDS , UHS , U H G U  , 4HT , 4H1 , ABCDZSRO 
6 7 * 4 H  , 4HF , 2 * 4A , 4HP , 4H , 2 * UHIP , ABCD2881 
7 2 * 4 H  , 4HDS Q H G U  I 6 * 4H , 4HDS , 9 * 4 H  , ABCD2832 
8 4 H O  , 4HHP , 4AIP , 4 H L P  , hHDrJ , 4HOB , 4H , AatD2883 
9 2 * 4HHP , 4H , 4HP , 4RP , 4HCP , 4HP , UHCF , ABCD2984 
1 4HS . UHDS , 4 2 s  , 2 * YHDS / ABCD2805 

D A T A  WOR22 / ABCD28R5 
1 4HS , 11 * 4 H  1 QHDS r U H M  , UHGU , 9 * 4H , 4HTJ , ABCD2687 
2 17 * 4H , 4HDS , 4HNS , Q H N T  , 3 * 4HNG , U H I N  , 4HFN , ABCD2095 
3 4HDS , Y H G ,  , 4HN , UHFC , 4 . H N G  , 2 * 4HOZ , 1 7  * 4H , ABCD2833 
4 3 * 4HFN , 4HFD , 4 * 4H , 4HS , 7 * 4H , 6 * 4HDS , ABCD289n 
5 8 * 4HCF , 4flP , 4H , 2 * 4HLP , 4H , 4HF , (IHCF , ABCD2891 
6 4HF , 4HS , 4HDS , 4HS , 2 * 4H , 4HC , 4IiDS , ABCD2892 
7 4HI  , 4HXD , 16 * 4H , hH4 , 4H , 4H5 , 4 H A V  , ABCD2893 
8 4HSV , 2 * 4H , 4HDS , 6 * Q H  , 43SY / ABCD2P94 

D A T A  W0332 / ABCD2A95 
1 10 * 4H , 4HV , 9 4 4H , LIHV , 8 * 43 , 2 4 4HDS ABCD2935 
2 2 * 4 H  , 4HSV , 4HT , 2 3  * 4H , 4HPL , 4H2M 
3 4HAN , 4H , 4HOL / 

D A T A  THEEND, B L A N K ,  L I M I T  / u H l ? H E E ,  4HND , 4H , 7 R  
I F  ( I C O N  .EQ. 1 )  G O  T O  24 
I F   ( S I )  G O  T O  2 2  
W R I T E  ( 6 , 2 1 )  
G O  T O  2 4  

22 W R I T E  ( 6 , 2 3 )  
2 4 G O  T O  ( 1 , 6 )  , I C O N  

1 DO 4 N = 1 , 1 5 0  
C *** I N P U T  SECTION 

N U H  = N 
R E A D  ( 5 , l l )  A I N , C H A N G E  
I F  ( A I N ( 1 )  .EQ. THEEND(1) .AND. A I N  ( 2 )  . EQ. THEEND(2) ) 
DO 2 J = 1,LIMIT 
JJ = J 

, 4HCP , ABCD2897 
ABCD2898 

, 368 / ARCD2833 
ABCD29Ofl 
AECD2a:! 1 
ARCD.2902 
ABCD2903 
APCD20P4 
ABCD2035 
ABCD29CE 
ABCD2937 
ABCD2902 
ABC32909 

G 3  TO 5 ABCD2913 
ABCD2011 
ABCD2912 

I F  ( A I N  (1) .EQ. W O R D Y  ( J , l )  .AND. A I Y ( 2 )  .EQ. W O R D Y  (J ,  2 ) )  G O  T 3  3 ABCD2913 
2 C O N T I N U E  ABCD2q 1 4  

WRITE { 6 , 1 2 )  A I N  A9CD2915 
G O  TO 4 ABCD2916 

IF (CHANGE(1) .EQ. B L A N K ( 1 )  . A N D .  CtJANGZ(2) .EQ. BLANK(2)) A3CD2 9 13  
1 G O  T O  4 ABCD29 13  

3 IoUT(NUM) = J J  ABCDZP17 
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WORDY ( J J , l )  = CHANGE ( 1 )  
U O R D Y  (JJ,2) = CHANGE(2)  

4 CONTINUE 
W R I T E   ( 6 . 1 3 )  

5 N U M  = N U M  - 1 
RETURN 

C *** OUTPUT  SECTION 
6 
C 
C 

C 
1 6  

7 

8 

9 

C 
C 
C 
11 
1 2  
13 
1 4  
15 
C 
C 
1 9  
2 0  
C 
2 1  
2 3  

ABCD2920 
ABCD2921 
ASCD2922  
ABCD2923  
ABCD2924 
Ai3CD2925 
ABCD2925 

I F  (NUM .EQ.   1 )  RETURN ~ ~ ~ ~ 2 9 2 7  
AHCD2923  

THE  FOLLOWING  THREE  STATEHENTS ARE [JSED AT LEWIS  ONLY ABCD2929 
I F  ( T I H E  .E@. O.ODO . A N D .  ITRAN  .NE. 1 )  G O  T O  1 6   A B C D 2 9 3 3  
W R I T E   ( 5 0 , 1 9 )   T I M E .  COM (248), - O H  ( 2 5 7 ) ,  COM ( 2 5 8 )   A B C D 2 9 3 1  
W R I T E   ( 5 0 , 2 0 )   ( C O R ( I ) ,  I = 3 7 2 , 3 9 4 )   A B C 3 2 9 3 2  

ABCD2033  
N = N U R  A 3 C D 2 9 3 7  
J = 6  ABCD2935  
DO 9 I = 1 , N U M , 6  ABCD293S 
I F  (N .GT. 6 )  GO TO 7 ABCD2937 
J = N  ABCD2938 
N = N - 6  ARCD2939 
DO 8 K = l , J  ABCD297r) 
L = I + K - I  F.BCD2aQ1 
M = IOUT  (L)   A3CD29id2 
WOUT ( K ,  1 )  = WORDY (R ,1 )   ASCD29U3 
WOUT ( K ,  2 )  = W O R D Y  (M, 2 )  ARCD29LI9 
I F  ( N  . L E .   3 6 2 )  AOUT ( K )  = COM (M+32)   ABCD2945 
I F  ( M  .GT. 3 6 2  . A N D .  +I .LE. 3 6 7 )   A O U T ( K )  = COM(M+6911)  Ai3CD2Q45 
IF (M .GT. 3 6 7 )   A O U T ( K )  = C O M ( 1 0 4 4 )   A B C D 2 Q ? 7  
CONTINUE  ABCD2948 
WRITE ( 6 , 1 4 )   ( W O U T ( K , l ) ,   W 3 U T ( K , 2 ) ,  K = 1,J )   Ai3CD2913 
WRITE ( 6 , l S )  (AOUT  (K) , K = l  J )  ABCD2950 
I F  (N .LE. 0) RETURN ABCD295 7 
CONTINUE  AI3CU2952 
RETURN ABCD2Q53 

ABCD2954 
AECD2955  
A 6 C D 2 9 5 5  

FORMAT (A4,   A2,  6X8 A4, A 2 )   A E C D 2 9 5 7  
FORMAT (lHG,  9HTHE W O R D  , A4, A2, 2 6 H  N O T  FOlTND I N  E 3 M Y O N  ARRAY) ABCD2959 
FORRAT  (22HOERROR I N  COFOUT INPUT)   ABCJ2Y59  
FOEMAT ( 1 H 0 ,  25X. A4, A2. 5 ( 9 x #  A 4 8   A 2 ) )   F . E C D 2 Q 6 3  
FORMAT ( 2 1 X ,   6 E 1 5 . 6 )   A S C 2 2 9 6 1  

ABCD2C52 
THE  FOLLOWING TWO FORilATS  ARE USED AT LEWIS ONLY Ai3CD2953 
FORHAT ( I X ,   1 P E 2 0 . 6 )   A B C D 3 9 5 7  
FORHAT ( I X ,   1 P 6 E 2 0 . 6 )   A R C D 2 9 6 5  

AECD2953  
FOR?IAT ( 1 X ,  30HTHE OUTPUT I S  I N  ENGLISH UNITS) AECD2567  
F33FIAT ( IX ,   25ATHE  OUTPUT I S  I N  S I  UNITS)   AFCD29E 3 
END ABCD2959 
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Subroutine CONVRG 

S U B R O U T I N E   C O N V R G  (TI,H~,PI,SI,FAR,WG,PA~IDES,AO,PR~T3~HO~?O~SO~ A E C D 2 9 7 0  

C 
C 
C 

1 PO 

10 1 

1 T S O , P S O , V O . A N O , I C O N )  
I C O N = )   S U B S O N I C ,   C O I I P A R E ,  P I  W I T H  PR 
I C 3 N = 2   S O N I C ,   C O H P A B E  P I  V I T H  PR 
I C O N = 4   E B R O R  
I N P L I C I T   R E A L * 8   ( A - H , O - 2 )  
L O G I C A L  Z I  
COMMON /COPIALL/  CON ( 1 0 6 2 )  
E a U I V A L E N C E   ( T O L A L L ,   C O H ( 2 3 )  ) , (21, CON ( 1 0 5 5 )  ) 
I F  ( Z I )  GO T O  100 
A J  = 778.2600 
C A P S F  = 2 1 1 6 . 2 1 7 D O  
G = 3 2 . 1 7 4 0 4 9 D O  
C P G  = , 2 5 0 D O  
GO T O  1 0 1  
A J  = 1,ODO 
C A P S F  = 1.ODO 
G = 1 - 0 D O  
C P G  = 1048.DO 
G A J 2  = 2.ODO * G * A J  
CALL  PEOCOM (PAR,TI,XXl,XX2,XX3,XX4,PHII,XX6) 

C *** S O N I C   C A L C U L A T I O N S  
TSS = 0 . 8 3 3 D 0  * T I  
DO 2 J = 1 ,50  
C A L L  PROCOM ( P A R , T S S , C S S , A K S , C P ,   R E X S , P H I S S ,  LISS) 
HSCAL = H I  - C S S  ** 2 / G A J 2  
D E L H S  = HSCAL - HSS 
I F  ( D A B S   ( D E L H S )   . L E .   . 5 D O  * T 3 L b L L  * H S C A L )  G O  TO 4 

2 T S S  = TSS + D E L H S  / C P  
3 I C O N  = 4 

4 IF ( I D E S  , LE, 0) G O  TO 12  
RETURN 

C *** I S E N T R O P I C   E X P A N S I O N   C A L C U L A T I 3 N S  
T S I  = T I  * ( P A  / P I )  ** 0.286D0 
DO 7 J = 1 ,70  

I F  ( D A B S ( S S 1  - S I )  .LE.  . 1 D O  * T D L A L L  * S I )  G O  TO 8 

GO T O  3 

I F  ( V I S  .GE. C S S )  G O  T O  11 

YO = VIS 
T S O  = T S I  
PSO = PA 
CALL  PROCOY (FAR,TSO,CSO,XX2,XX3.REX,PHISO,HSO) 
RHO = C A P S F  * PSO / ( A J  * P E X  * T S O )  
A 0  = WG / (RHO * YO) 
A M 0  = YO / C S O  
PR = P I  
I C O Y  = 1 

1c TO = T I  
80 = H I  
PO = P I  
so = SI 

C A L L  T H E R M O  ( P A , H S I , ~ ~ I , S S I , X X I , ~ , P A R , O )  

7 TSI = T S I  / D E X P (  (SST: - S I )  / CPG) 

8 VIS = D S Q R T ( G A J 2  * ( H I  - H S I ) )  

C *** S U B S O N I C   D E S I G N ,   C A L C U L A T E  A 0  

A E C D 2 9 7 1  
A E C D 2 3 7 2  
A B C D 2 9 7 3  
A B C D 2 9 7 U  
A E C D 2 9 7 5  
A B C D 2 9 7 5  
A E C D 2 9 7 7  
A b C D 2 9 7 3  
A B C D 2 O 7 9  
A B C D 2 9 8 0  
A B C D 2 9 8 1  
ABCD2 9 3 2 
A B C D 2 9 8 3  
A B C D 2 9 8 4  
A B C D 2 9 8 5  
A b C D 2 9 8 5  
A B C D 2 9 8 7  
A E C D 2 9 8 5  
A B C D 2 9 9 9  
ABCD2 9 9  0 
A E C D 2 9 9  1 
A E C D 2 9 9 2  
A E C D 2 3 3 3  
A B C D 2 9 9 4  
A B C D 2 9 9 5  
A R C D 2 9 9 6  
A B C D 2 9 9 7  
A 6 C D 2 9 9 9  
A B C D 2 9 9 9  
A B C D 3 9 3 3  

A B C D 3 0 0 2  
A B C D 3 0 0 3  
A B C D 3 0 0 4  
A B C D 3 0 0 5  
A E C D 3 0 0 5  
A B C D 3 0 0 7  
A B C D 3 0 0 8  
A B C D 3 0 0 3  
A E C D 3 0 1 0  
A B C D 3 0 1 1  
A B C D 3 0 1 2  
A B C D 3 0 1 3  
A R C D 3 0 1 4  
A B C D 3 0 1 5  
A B C D 3 0   1 6  
A B C D 3 0 1 7  
A B C D 3 0   1 9  
A B C D 3 0 1 9  
A B C D 3 0 2 3  
A B C D 3 0 2 1  
A B C D 3 0 2 2  
A B C D 3 0 2 3  
A B C D 3 0 2 4  

AESCD3 00  1 
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RETURN 
C *** SONIC  DESIGN,  CALCULATE A 0  
11 VO = css 

T S 3  = T S S  
PSO = P I  * (TSO / T I )  ** (AKS / (AKS - 1 . o D o ) )  

A 0  = WG / ( R H O  * VD) 
A M 0  = 1 . O D O  
PR = P I  
ICON = 2 
G O  T O  10 

C *** NON-DESIGN,  CALCULATE  CRITICAL  CONDITIONS 
12 vo = css 

TSO = TSS 
PSO = PA 
R H O  = CAPSF * PSO / ( A J  * REXS * TSO)  
AOCRIT = U G  / (RHO * VO) 
A M 0  = 1 . O D O  
PR = PSO * ( T I  / TSO) ** (AKS / ( A K S  - 1 . o D o ) )  
I F  ( A 0  . GT. AOCRIT)  G O  TO 1 4  

PSO = PSO * AOCRIT / A 0  
PR = PR * AOCRIT / A 0  
ICON = 2 
GO TO 10 

C *** NON-DESIGN,  SUBSONIC  CALCULATIONS 
1 4   P S O  = PA 

R H O  = CAPSF * PSO (AJ  * R E X S  * rso) 

C *** NON-DESIGN,  CRITICAL A N D  S U P E R C R I T I C A L   C O N D I T I O N S  

TSO = 0.833D0 * TSO 
DO 16 J = 1,50 

R H O  = CAPSF * PSO / ( A J  * REX * TSO) 
VO = UG / (RHO * AO) 
HSCAL = H I  - VO ** 2 / GAJ2  
DELBS = HSCAL - HSO 
IF (DABS  (DELHS)  .LE. . 5 D O  * TOLALL * HSCAL) GO 73 17 

1 6   T S O  = TSO + DELHS / C P  
GO T O  3 

17 A B 0  = VO / CSO 
PR = PSO * ( T I  / TSO) ** ( A K O  / (AKO - 1 . o D o ) )  
ICON = 1 
GO TO 10  
END 

CALL  PROCOH ( F A R , T S O , C S O , A K O , C P , R E ~ ~ P H I S O ~  HSO) 

Function DERIV 

FUNCTION  DERIV  (1 ,X)  
I M P L I C I T  REAL*8  (A-H,O-Z) 
COHHOl /COBALL/ COH ( 1 0 6 2 )  
DIMENSION PO ( 5 0 . 4 ) ,  PVRDOT (23, XS ( 2 3 )  
EQUIVALENCE (PO ( 1 , 1 )  , COH (430) ) , ( D T ,   C o n   ( 9 9 4 )  ) , 

1 ( P V R D O T ( l ) ,   C O H ( 9 9 8 ) ) ,   ( X S ( 1 ) .  COfl ( 1 0 2 1 ) ) .  (JTBAN, C 9 H ( l o S O ) ) ,  
2 ( IVRDOT, COH ( 1 0 5 2 )  ) , ( IAHTRX, COH ( 1   0 5 4 )  ) 

I F  ( I A H T R X  .EQ. 1 )  GO T O  2 
IF ( JTBAN . EQ. 1) GO TO 1 

ARCD3025  
ABCD3@26 
AECD3027  
AHCD302P 
ARCD3029 
ABCD3030  
ARCD3931 
h S C D 3 0 3 2  
ABCD3033  
Ai3CD3031 
ABCD3035  
ADCD3036 
A S C D 3 0 3 7  
ARCD3039 
ASCD3039  
ABCD30U3 
A 3 C D 3 3 7 1  
A s C D 3 0 4 2  
ArJCD30a3 
ASCD 3 04 1 
A 9 C D 3 0 4 5  
A9CD3nU6 
ABCD3047 
Ai3CD3049 
AdCD.3 04 3 
A S C D 3 0 5 0  
ABCD3051 
ABCD3n52 
~ ~ ~ ~ 3 0 5 3  
ABCD3051  
RBCD3055  
A 3 C D 3 0 5 5  
ABCD3057  
ABCD3 059  
ADCD3059 
ABCD3@53 
A 3 C D 3 0 6 1  
ASCD3052  
ARCD3063  
ABCD3064 
ABCD3065 
A 3 C D 3 0 6 6  

ABCD3067  
ABCD3F63 
ABCD3069  
ABCD3070  
ABCD3071 
A 3 C D 3 0 7 2  
ABCD3073  
ABCD307U 
ABCD3075 
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1 

2 

3 

C 
c 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

D E R I V  = O.OD0 
F O ( I . 1 )  = X 

F O  ( I , 3 )  = D E R I V  
F O ( I , 4 )  = D E R I V  
R E T U R N  

D E R I V  = ( X  - XO)  / D T  
I F  ( D A B S   ( D E R I V )  .LT. 1 . o D - l o )  

FO (I ,3) = D E R I V  
RETURN 
I F  ( I  EQ. I V R D O T )  G O  TO 3 
D E R I V  = O.ODO 
RETURN 
D E R I V  = XS ( I )  * PVRDOT (I)  
RETURN 
END 

P O ( I , 2 )  = x 

x0 = F O ( I , 2 )  

PO(I.1) = x 
D E R I V  = O.ODO 

Subroutine DISTRB 

S U B R O U T I N E   D I S T R B  
I M P L I C I T   R E A L * 8  ( A - H , O - Z )  
COMMON / C O R B L L /  COM ( 1 0 6 2 )  
D O U B L E   P R E C I S I O N  LWV, MWV 
D I M E N S I O N  XVAF ( 2 3 ) ,   P V R D 3 T   ( 2 3 )  , XS ( 2 3 )  
D I M E N S I O N   X S A V E   ( 1 0 6 2 ) ,  A I N V  ( 5 2 9 ) ,  A R X N V  ( 5 2 a ) ,   A ( 2 3 , 2 3 ) ,  

1 A 2 1 I N V  ( 2 3 , 2 3 ) ,   A 2 2 I N V   ( 2 3 , 2 3 ) ,  A R  ( 2 3 , 2 3 )  , C I N T ( 2 3 , 2 3 ) ,   X ( 2 3 , 2 3 ) ,  
2 A 1 2 I N V ( 2 3 , 2 3 ) ,  D I N T ( 2 3 , 2 3 ) ,   B I N T ( 5 0 , 2 3 ) ,   C A ( 5 0 , 2 3 ) ,   C ( 5 0 , 2 3 ) ,  
3 C R ( 5 0 , 2 3 ) ,  UVAR(50,23) ,  A I B M ( 2 3 , 5 ) ,   B ( 2 3 , 5 ) ,   B R ( 2 3 , 5 ) ,  Y(50,5) ,  
4 D ( 5 0 , 5 ) ,   D R ( 5 0 , 5 ) ,   X S S ( 2 3 ) ,  Y I ( 2 3 ) ,  U S S ( s o ) ,  D U ( 5 ) ,   B S ( 5 ) ,  
5 P V R D O S  ( 2 3 )  

D I B E N S X O N   L W V ( 2 3 ) ,  MWV(23) , I V A R E   ( 2 3 ) ,   Y U C O M ( 5 0 )  
E Q U I V A L E N C E   ( I D E S ,  COM (3) ) , ( J D E S ,  CON ( 4 ) )  , (MODE, C3M ( 6 )  ) , 

1 ( I N I T ,   C O Y ( 7 ) ) ,  (PS55, C 3 R ( l l o ) ) ,  (WAFC, C O M ( 1 3 5 ) ) ,  
2 ( W F B ,   C O M ( 1 9 2 ) ) ,  ( A 8 ,  C O n ( 3 4 6 ) ) ,   ( X V A R ( 1 ) .   C O M ( 3 7 2 ) ) ,  
3 ( P V R D O T   ( 1 )  , CON ( 9 9 8 )  ) , ( X 5  ( I ) ,  CON ( 1 0 2 1 )  ) , ( I T R A N ,   C 3 H   ( 1 9 4 9 )  ) , 
4 ( J T R A N ,  COM (1050)  ) , ( I V R D D T ,  231 ( 1 9 5 2 )  3 ,  ( I D O T ,   C O P l ( l C l 5 3 )  ) , 
5 ( I A M T R X ,  CON ( 1 0 5 4 )  ) , (WAFCDS, CON ( 1 0 6 2 )  ) 

I N V  T H E   T O T A L  NUMBER OF S P A T E S   P O S S I B L E  POF T H E   P A S T I C U L A R  
E N G I N E   B E I N G   M O D E L L E D ,   L Y S S   T H A N  OR EQUAL  TO 2 3  

DATA I N V  / 16 / 

I N V R E D   T H E   T O T A L  NUMBER OF S T A T E S   A C T U A L L Y   U S E D  I N  THE ?!@DEL 
( F U L L  OB R E D U C E D ) ,   L E S S   T H A N   O R   E Q U A L   T O  I N V  

DATA I N V R E D  / 9 / 

I V A R B  THE ORDER I N  WHICH  THE  STATES  ARE TO B E  DONE. I F  T H I S  
IS A R E D U C E D  M O D E L ,  rH3 S T A T E S  T O  B E  INCLUDED A R E  
L I S T E D   B E F O B E   T H 3 S E   N 3 T   I N C L U D E D .  

A B C D 3 0 7 6  
A B C D 3 0 7 7  
A B C D 3 0 7 9  
A R C D 3 0 7 9  
A B C D 3 0 9 3  
A B C D 3 0 8 1  
A B C D 3 0 9 2  
A B C D 3 0 8 3  
A B C D 3 0 8 3  
A B C D 3 0 8 5  
A B C D 3 0 8 5  
A B C D 3 0 8 7  
A B C D 3 0 9 3  
A B C D 3 0 8 9  
ABCD3 09  3 
ABCD3 091 
ABCD3 0 9 2 
A B C D 3 0 9 3  

ABCD30911 
A B C D 3 0 9 5  
A B C D 3 0 3 6  
A B C D 3 0 9 7  
ABCD3 03 9 
A B C D 3 0 9 9  
A 9 C D 3  1 0 0  
A B C D 3  13 1 
A 9 C D 3  1 0 2  
ABCD3 13 3 
A B C D 3 1 0 4  
ABCD3 10  5 
A B C D 3 1 3 5  
A B C D 3  1 0 7  
A B C D 3   1 0 9  
A B C D 3 1 0 9  
A R C D 3  1 1  3 
A B C D 3 1 1 1  
ABCD3 11 2 
A X 3 3 1 1 3  
A 9 C D 3  11 7 
A B C D 3 1 1 5  
ABCD3 11 6 
A B C D 3 1 1 7  
A B C D 3  11 @ 
ABCD3 11  3 
A B C D 3 1 2 0  
ABCD3 1 2  1 
A 9 C D 3 1 2 2  
ABCD3 1 2 3  
4 B C D 3 1 2 4  
A 3 C D 3  1 2 5  
A D C D 3 1 2 6  
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C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
3 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

DAPA I V A R B  / 1, 3, 2 1 ,  13, 19, 9, 8 ,  11, 20, 5, 13, 17, 12 ,  1 0 ,  A B C D 3 1 2 7  
1 4, 16, 7 * 0 / ABCD3 1 2 3  

A B C D 3 1 2 9  
I N B   T H E  NUMBER OF C O N T R O L   I N P U T S ,   L E S S  THAN O R  TQUAL  TO 5 A B C D 3 1 3 3  

ABCD3 13 1 
DATA I N B  / 2 / A 6 C D 3 1 3 2  

A B C D 3 1 3 3  
B P E R  P. P E R C E N T .   T H E   S T E A D Y   S T A T E   V A L U E  OF EACH I N P U T   W I L L   E E   A R C D 3 1 3 4  

M U L T I P L I E D  BY T H I S   P E R C E N T   T O  POElR THE  DELTA U OF EACH A B C D 3 1 3 5  
I N P U T  I N  ORDER TO C A L C U L A T E   T H E  B AND D M A T R I C E S   A B C D 3 1 3 6  

A B C D 3   1 3 7  
DATA B P E R  / . 0 1 D O  / A B C D 3  138 

A 3 C D 3   1 3 4  
I N C   T H E  NUMBER OF O U T P U T S ,   L E S S   T H A N  OR  EQUAL r 3  50 A B C D 3 1 4 0  

Ai3CD3 1 4  1 
DATA I N C  / 3 / A B C D 3 1 4 2  

A B C D 3 1 4 3  
N U 2 0 H  A L I S T  OF T H E   E Q U I V A L E N C E D  "COM" NUMBERS OF T H E  OUTPUTS ABCD31LI!i 

D E S I R E D .   A L L  O F  T H E   E Q U I V A L E N C E S   W I L L   B E   P 3 U N D  I N  T H E  
M A I N  R O U T I N E ,  DYGABCD 

D A T A  NUCOH / 248 ,  257,  258, 4 7  * 0 / 

I F  T H E  A A N D  C MATRIX  CALCS ARE F I N I S H E D ,  GO  ON TO  THE B R N D  D 
M A T R I X   C A L C S  

I F  ( I B  .EQ. 9 7 7 )  G O  T O  4 

I F  T H I S  I S  NOT T H E   F I R S T   T I M E   T H R O U G H ,  G O  T O  7 

I F  ( I D O T   . G T .  0) GO  TO 7 
I G I N  = 0 
I B C K  = 0 
ABCK = 1.OD-5 

I F  T H E  PROGRAM IS TO C A L C U L A T E  THE P V R D O T ' S ,   I C H O I C = l  
I F  T H E  PROGFAV I S  T O  S E T   T H E   P V R D D T ' S ,   I C H O I C = O  

I C H O I C  = 1 

PVRDOT A VECTOR OF ( I N I T I A L   C O N D I T I O N )   P E R C E N T S .   T H E   S T E A D Y  
S T A T E   V A L U E  OF E A C H   S T A T ! ?   W I L L  BE H U L T I P L I E D  BY T H E  
P E R C E N T   A S S O C I A T E D   W I T H   T H A T   S T A T E   T O  FORM T H E   D E L T A  
XDOT FOB T H A T   F A f i T I C U L A R   S T A T E  I N  ORDER  TO  CALCULATF 
THE A MATRIX 

CORE R O T O R   S P E E D  

P V B D O T ( 1 )  = . 0 2 D O  

I N T E R B E D I A T E   R O T O R   S P E E D  

ABCD.3145 
A S C D 3 1 4 5  
A B C D 3 1 4 7  
A B C D 3 1 4 R  
AECD3  11)? 
A D C D 3 1 5 Q  
Ai3CD3 1 5  1 
A B C D 3   1 5 2  
ABCD3 153  
A E C D . 3 1 5 4  
ABCD3 155 
A B C D 3 1 5 6  
AECD3 1 5  7 
A B C D 3 1 5 H  
ABCD3 153 
A B C D 3 1 5 3  
A B C D 3 1 F . 1  
A B C D 3 1 6 2  
A B C D 3 1 6 3  
A B C D 3 1 6 1  
A B C D 3 1 6 5  
A B C D 3   1 6 5  
A 9 C D 3 1 5 7  
A B C D 3   1 5  9 
A B C D 3 1 6 9  
A i 3 C D 3 1 7 0  
AECD3 17  1 
A B C D 3 1 7 2  
A B C D 3   1 7  3 
A B C D 3 1 7 Q  
AECD3 175 
F.BCD3 1 7 6  
A E C D 3   1 7 7  
A B C D 3 1 7 8  
A B C 3 3 1 7 3  
A i 3 C D 7 1 8 0  
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C 

C 
C 
C 

C 
C 
C 

e 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

100 

PVRDOT ( 2 )  = O . O D O  

FAN ROTOR S P E E D  

PVRDOT ( 3 )  = .023c 

FAN E X I T   P R E S S U R E  

PVRDOT(4)  = .02DO 

PAK E X I T   I N T E R N h L  ENERGY 

PVEDOT (5) = .02D0 

INTERHEDIATE  COMPEESSOR E X I T  PRESSfJFE 

PVRDOT (6 )  = 0 . O D O  

INTERnEDIATE  COMPRESSOR  EXIT   INIEFNAL ENERGY 

PVRDOT (7) = 0. @ D O  

COMPRESSOR  EXIT  PRESSURE 

PVRDOT (8)  = . 02DO 

CONPRESSOR  ZXIT  INTERNAL  ENEFGY 

PVRDOT ( 9 )  = . 02DO 

COMBUSTOR E X I T  PRESSURE 

PVRDOT ( 1 0 )  = .02DO 

COMR USTOR EXIT INTERNAL ENE EGY 

P V F D O T ( 1 1 )  = .02DO 

HI6A PRESSURE  TURBINE  EXIT  PRESSURE 

P V B D O T ( 1 2 )  = . 02DO 

H I G H  PRESSURE  TURBINE  EXIT  INTERNAL  ENERGY 

PVRDOT ( 1 3 )  = .02DO 

INrERf ' lEDIATE  PRESSUEE  TURBINE  EXIT   PRESSURE 

PVRDOT(14)  = O.ODO 

INTERMEDIATE  PRESSURE  TURBINE  EXIT  INTERNAL ENERGY 

PVEDOT ( 1 5 )  = O.ODO 

AECD3791  
A B C 3 3 1 9 2  
A B C D 3 1 9 3  
ABCD3 1 9 4  
A B C D 3 1 8 5  
AECD3 1 8 5  
ABCD31R7 
ABCD3 1 9 9  
ABCD31RQ 
ABCD3 13C 
ABCD3191  
AECD3 1 9  2 
ABCD3193  
AECD3194  
ABCD3135  
A3CD3 7 3 6 
AECD3 1 9 7  
ABCD3198  
ABCD3199  
ABCD3203  
ABCD3231 
ABCD3202  
ABCD3203  
ABCD3204  
AECD3205  
ABCD3206 
A B C 3 3 2 0 7  
ABCD320R 
ABCD3 2 3  3 
ABCD3210  
ABCD3211 
ABCD3212  
ABCD3213  
ABCD3214  
A b C D 3 2   1 5  
ABCD3216 
ABCD3 2 1 7  
ABCD3218  
ABCD32 1 3  
ABCD3220  
ABCD3 2 2  1 
ABCD3222  
ABCD3223  
ABCD3 2 2  P 
ABCD3225  
ABCD3226 
ABCD3227  
ABCD3228 
ABCD3229  
ABCD3233  
ABCD3231 
ABCD3232  
ABCD3233  
ABCD3234 



" .... .-......... .. , , 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

7 

C 
C 
C 
C 

5 

95 

1 

LOU PRESSURE  TURBINE  EXIT  PRESSURE 

PVRDOT ( 1 6 )  = . 02DO 

I O U  PRESSURE  TURBINE  EXIT  INTERNAL ENERGY 

P V R D O T ( 1 7 )  = .02DO 

AFTERBURNER  EXIT  PRESSURE 

PVRDOT ( l e )  = . 0 2 D O  

AFTERBURNER  EXIT  INTERNAL ENERGY 

P V R D O T ( 1 9 )  = .02DO 

DUCT  BURNER EXIT   PRESSURE 

PVRDOT (20 )  = .02DO 

DUCT BURNER EXIT   INTERNAL ENERGY 

P V R D O T ( 2 1 )  = .02DO 

THIRD STREAM EXIT  PRESSURE 

P V R D O T ( 2 2 )  = O . O D O  

THIRD STREAM EXIT   INTERNAL ENERGY 

P V R D O T ( 2 3 )  = 0 . O D O  
CONTINUE 
IDOT = IDOT + 1 
I F  ( I D O T  . GT, I N V )  G O  TO 1 0  
IVBDOT = I V A R B  ( I D O T )  
I F   ( I D O T  .NE. 1) G O  TO 1 0  

SAVE  STEADY  STATE  VALUES A N D  I N I T I A L I Z E  
P3R A A N D  C MATRIX  CALCS 

DO 5 I = 1 , I N V  
J = I V A R B ( 1 )  
XS(J) = XVAR(J )  
XSS (I) = X V A R  (J) 
I F  ( X S S ( 1 )  .EQ.  0.ODO)  WRITE ( 6 , 5 0 )  
CONTINUE 
DO 96 I = 1 , I N C  
IU = NUCOH(1) 

DO 1 I = 1,1062 
X S A V E ( 1 )  = C O H ( 1 )  
WRITE ( 6 , 6 5 )  

uss ( I )  = c o n ( 1 U )  

YRITE (6,441 (xss (I) , I = ~ , I N V )  

P.ECD3235 
AECD3236  
ABCD3237 
ABCD3238  
ABCD3233 
ABCD3249  
A ~ D 3 2 3  1 
ABCD3242  
4BCjlI3293 
ABCD32Url 
AECD3243  
ARCD32G5 
ABCD3217 
AfiCD3248 
AECD3243  
ABCD3253 
ASCD3 2 5  1 
AECD3252  
ABCD3253  
ABCD3254 
ASCD3255  
ABCD3256  
AElCD3257 
AI3CD325e 
ABCD3253 
ABCD3260  
ABCD3 2 6  1 
ABCD3262  
ABCD3253 
ABCD3261  
ABCD3265  
ABCD3266 
ABCD3 2 5  7 
ABCD3269  
ABCD3269 
ABCD3270  
ABCD3 2 7  1 
ABCD3272  
ABCD3273  
ABCD3277  
ABCD3275  
ABCD3276 
ABCD3277  
ABCD3279 
ABCD3279  
ABCD3293  
ABCD3281  
ABCD3282  
ABCD3283  
ABCD328U 
ABCD3285  
ABCD3286  
ABCD3287  
ABCD3288  
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10 
C 
C 
C 

15 

9 

l a  

16 

C 
C 
C 
17 

23 

97 

REFU RN A B C D 3 2 8 9  
I D D T l  = I D O T  - 1 A B C D 3 2 9 3  

A B C D 3 2 9 1  
G E N E R A T E   H A T R I X   F O R  A H A T R I X   C a L C S   A B C D 3 2 3 2  

A R C D 3 2 9 3  
DO 15 I = 1 , I N V   A B C D 3 2 9 4  
J = I V A R B  (I) A B C D 3 2 9 5  
X ( I . I D O T 1 )  = X V A B ( J )  - XSS(1)  A B C D 3 2 9 5  
J = I V A R B ( I D O T 1 )   A B C D 3 2 9 7  
I F  ( I C H O I C  .EQ. 0) S O  T O  23 A B C D 3 2 9 B  
ERRX = D A B S  (X ( I D O T 1   , I D O T l )  / X S S   ( I D O T 1 )  ) - . 0 0 2 D O   A B C D 3 2 9 c  
I F  ( D A B S ( E R R X )  .LE. . 0 0 0 0 1 D O )  SO TO 17 A B C D 3 3 0 3  
I D D T  = I D O T I   A B C D 3 3 0 1  
I V R D O T  = I V A R B   ( I D O T )   A 3 C D 3 3 3 2  
I G I N  = I G I N  + 1 A 9 C D 3 3 ? 3  
I F  ( D A B S  (X ( 1 , I D O T l ) )  .NE.  0.CDO) G O  T O  18 A B C D 3 3 0 Q  
PVRP = P V B D O T ( J )   k B C D 3 3 0 5  
P V R D O T ( J )  = 2 . 0 D C  * PVRDOT (J) A B C D 3 3 0 E  
I F  ( E R B X  . EQ. E R R X P   - O R .   I B C P  .NE. 0) G O  T O  9 A B C D 3 3 0 7  
PVB  DOT (J)  = 1 . 5 D O  * P V R P  + ABCK A B C D 3 3 0 9  
ABCK = 2.ODO * ABCK A B C D 3 3 0 9  
E R B X P  = E R R X   A 9 C D 3  3 1 3  
I B C K  = 1 A B C D 3 3 1 1  
GO T O  2 3  A B C D 3 3 7 2  
I F  ( I G I N  . N E .  1 )  GO TO 16 P . R C D 1 3 1 3  
I B C K  = 0 A 9 C D 3  3 1  4 
PVRP = PVRDOT (J) A 9 C D 3 3 1 5  
E R R X P  = EBRX A 3 C D 3  31 3 
P V R D O T  (J )  = 1 . 0 5 D O  * PVRDOl' ( J )  A R C D 3  3 1  7 
GO T O  23 A B C D 3 3 1  R 
PVBNEY = ( P V R D O T ( J )  * E E R X P  - PVRP * ERRX) / ( E R R X P  - E R R X )   A S C D 3 3 1 ?  
I B C K  = 0 A B C D 3 3 2 0  
I F  (PVBNER  .LE .  O . O D O )  PVRNEW = . 9 5 D O  * P V E D O T ( J )   A B C D 3 3 2 1  
I F  ( I G I N  .EQ. 5 0 )  PVRNEV = ( ( P V R D O T  (J) + P V R P )  / 2.ODO) + . 'ID-3 k B C D 3 3 2 2  
I F  ( I G I N  EQ. 100) PVRNEW = ( ( P V R D O T ( J )  + P V R P )  / 2.ODO) + . lD-2  A B C D . 3 3 2 3  
PVRP = PVRDOT (J)  A B C D 3 3 2 7  
E R E X P  = E R E X   A B C D 3 3 2 5  
P V R D O T ( J )  = PVRNEW A B C D 3 3 2 5  
G O  TO 2 3  A B C D 3 3 2 7  

A B C D 3 3 2 3  
GENERATE  MATRIX  FOR C M A T R I X   C A L C S   A B C 3 3 3 2 9  

h B C D 3 3 3 3  
I G I N  = 0 A B C D 3 3 3 1  
I B C K  = 0 A B C D 3 3 3 2  
ABCK = 1 . O D - 5   A B C D 3 3 3 3  
I F  (PVBDOT (J) .LE.  O.OD0) P V R D 3 T ( J )  = A a C K   A B C D 3 3 3 5  
DO 97  I = 1 , I N C   A B C D 3 3 3 5  

U V A R ( 1 , I D O T l )  = C O M I T U )  - rJSS(1) A B C D 3 3 3 7  
W R I T E  (6,45) I D O T l , I V A R B ( I D O T 1 )   A B C D 3 3 3 i 3  
W R I T E  (6,60) A B C D 3  33 3 
W R I T E  (6,44) ( X  (I,IDOT1), I = 1,INV) A B C D 3 3 4 0  
W R I T E   ( 6 , 2 8 2 )  IGIN A B C D 3 3 6 1  
WRITE (6 ,296)  P V R D O T   ( J )  A B C D 3  3 4 2  

I U  = N U C O M ( I )   A B C D 3 3 3 6  



19 
C 
C 
C 

21 

22 

C 
C 
C 
25  

24 

30 

31 

4 6  

C 
C 
C 
C 

47 

4 8  
43 

98 

IAHTSV = I A M T R X  
I V R S V  = I V R D O T  
I D O T S V  = I D O T  
DO 19 I = 1,23  
P V R D O S  (I) = P V R D O T  (I) 

R E S E T   S T E A D Y   S T A T E   V A L U E S  

DO 21 I = 1,1062 
C O M ( 1 )  = X S A V E ( 1 )  
I A N T R X  = I A M T S V  
I V R D O T  = I V R S V  
I D O T  = I D O T S V  
DO 2 2  I = 1 , 2 3  
P V R D O T  (I) = P V R D O S   ( I )  
I F  ( I G I N  .NE. 0) RETURN 
I F  ( I D O T  . L E .   I N V )   R E T U R N  

F I t i A L   C A L C S   F O R  A AND C M A T R I C E S  

DO 24 I = 1 , I N V  
J = I V A R B ( 1 )  
Y I  ( I )  = 1.ODO / X S S ( 1 )  / PVRDOl'  (J) 
W R I T E   ( 6 , 5 5 )  
W R I T E  ( 6 . 4 4 )   ( Y I  ( Z )  , I = 1 , I N V )  
W R I T E  ( 6 , 7 5 )  
DO 31 J = 1 , I W V  
DO 30 I = 1 , I N V  
K = I N V  * ( J - 1 )  + I 
A I N V ( K )  = Y I ( J )  * X ( I , J )  
L L  = K - I N V  + 1 
W R I T E   ( 6 , 4 4 )  ( A I N V  ( I )  I = L L , K )  
C O N T I N U E  
DO 4 6  J = 1 , I N V R P D  
DO 4 6  I = 1 , I N V R E D  

A R I V V ( K )  = Y I ( J )  * X ( 1 , J )  
L = I N V R E D  + 1 
I F  ( L  . G T .  I N V )  G O  TO 4 9  

K = I N V R B D  * ( J  - 1 )  + I 

A l Z T N V ,  A 2 1 l N V ,  A N D  A Z 2 I N V  A 6 E  N E C E S S k B Y  F3R C A N D  Il M A T i l I X  
C A L C S  IN REDUCED F O E Y  

DO 47 J = 1, I N V E E D  
DO 4 7  I = L , I N V  
A l 2 I N V  ( J , I )  = Y I ( 1 )  * X ( J , I )  

DO 4 8  J = L , I N V  
DO 4 8  I = L , I N V  
A 2 2 I N V ( I ,  J) = Y I  (J)  * X (I, J )  
C O N T I N U E  
DO 98 J = 1 , I N V  
DO 98 I = 1 , I N C  
C A ( 1 . J )  = Y I  (J) * U V A R  ( 1 , J )  

A 2 1 I N V ( I , J )  = Y I ( J )  * X ( I v . 7 )  

A B C D 3 3 0 3  
A B C D 3 3 4 4  
A B C D 3 3 4 5  
A B C D 3 3 4 5  
ABCD33Y 7 
A B C D 3 3 U 9  
A B C D 3 3 4 9  
A B C D 3 3 5 3  
A B C D 3 3 5 1  
A B C D 3 3 5 2  
A B C D 3 3 5 3  
A B C D 3 3 5 1  
A B C D 3 3 5 5  
A B C D 3 3 5 5  
A B C D 3 3 5 7  
A B C D 3 3 5 5  
A R C D 3 3 5 9  
A B C 3 3 3 5 3  
A B C D 3 . 3 6 1  
h B C D 3  3 6 2  
A B C D 3 3 6 3  
A S C 3 3 3 6 ' 4  
ASCD 3 3 5  5 
A a C D 3 3 6 5  
A R C D 3 3 f 7  
A B C D 3 3 5 3  
A B C D 3 3 6 9  
A E C D 3 3 7 C  
A P C D 3 . 3 7 1  
A B C D 3 3 7 2  
A B C D 3 3 7 3  
A B C D 3 3 7 1  
P . B C D 3 3 7 5  
ABCD3 7 7 5  
A B C D 3 3 7 7  
A B C D 3 3 7 q  
A B C D 3 3 7 3  
A B C D 3 3 3 3  
A S C D 3 3 9 1  
A B C D 3 3 3 2  
F q C D 3 3 R 3  
A 3 C 9 3 3 3 a  
A B C D 3 3 8 5  
A 3 C D 3 3 8 5  
A B C D 3 3 8 7  
A 3 C D 3 3 9 3  
A S C D 3 3 3 3  
l R C D 3 3 9 0  
A i 3 C D 3 3 3 1  

A B C D 3 3 7 3  
P . F C P 3 3 9 U  
P . B C D 3 3 9 5  
P . B C D 3 3 9 6  

a . a c ~ 3 3 9 2  
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32 

C 
C 
C 
C 

93 
100 
C 
C 
C 
C 

33 

10 1 
C 
C 
C 
C 

26 

76 

3 4  

2 7  
4 

2 

6 

CALL D N I N V  (AINV,  I N V ,  DET, LWV, HUV) 
I F  ( D E T   . E Q .   0 . O D o )   W R I T E   ( 6 , 7 0 )  
DO 32  J = 1 , I N V  
DO 3 2  I = 1 , I N V  
K = I N V  * (J-1) + I 
A ( 1 , J )  = A I N V  ( K )  
WRITE (6,80) 

THE FOLLOWING  STATEMENT I S  USED AT LEWIS ONLY 
W R I T E   ( 1 0 )  A 

DO 100 K = 1 , I N V  
DO 100 I = 1 , I N C  
SUN = O . O D O  
DO 99 J = 1,INV 
SUN = SUH + C A ( 1 , J )  * A ( J , K )  
C ( 1 . K )  = SUM 

THE FOLLOWING  STATEMENT I S  USED AT LEWIS  ONLY 
WRITE (20) C 

DO 33  J = 1 , I N V  
W R I T E   ( 6 , 4 4 )   ( A ( J , I ) ,  I = 1 , I N V )  
C 3 N T I N U E  
W R I T E   ( 6 , 8 1 )  
DO 101 J = 1 , I N C  
W R I T E   ( 6 , 4 4 )   ( C ( J , I ) ,  I = 1 , I N V )  
C 3 N T I N U E  

RESET  STEADY  STATE  VALUES A N D  I N I T I A L I Z E  
FOR B A N D  D NATRIX  CALCS 

IB = 977 
J D O T  = 0 
DO 26 I = 1 , 1 0 6 2  
C O N ( 1 )  = XSAVE ( I )  
DO 76 I = 1 , I N C  
IO = NUCOM ( I )  
USS(1) = COM(1U)  
D O  3 4  I = 1 , I N V  
PVRDOT (I) = O.ODO 
B S ( 1 )  = WFB 
BS ( 2 )  = A 8  
B S ( 3 )  = X 3  
BS (4) = X4 
B S ( 5 )  = X5 
DO 27 I = 1,s 
D U ( 1 )  = BPER * BS (I) 
I F  ( J D O T  .EQ. 1 )  GO TO 35 
D O  2 I = 1 , I N V  
J = I V A R B ( 1 )  
X S S ( 1 )  = X V A R  (J) 
DO 6 I = 1 , 1 0 6 2  
X S A V E ( 1 )  = COM ( I )  

A B C D 3 3 9 7  
A 9 C D 3 3 9 9  
A B C D 3 3 9 9  
A B C D 3 4 0 3  
A B C D 3 4 0 1  
A B C D 3 4 3 2  
ABCD3403 
A B C D 3 4 0 1  
A B C D 3 4 0 5  
ABCD3 4 3 5 
A B C D 3 4 0 7  
A B C D 3 4 0 8  
A B C D 3 4 0 9  
ABCD34 1 3  
A B C D 3 4 1 1  
ABCD34 1 2  
A B C D 3 4 1 3  
A B C D 3 4 1 4  
A B C D 3 4 1 5  
A B C D 3 4 1 6  
ABCD34 1 7  
A B C D 3 4 1 8  
ABCD34 1 3  
A B C D 3 0 2 0  
A B C D 3 4 2 1  
A B C D 3 4 2 2  
A B C D 3 4 2 3  
A B C D 3 4 2 4  
A B C D 3 4 2 5  
A B C D 3 4 2 6  
A B C D 3 4 2 7  
A B C D 3 4 2 8  
ABCD3 4 2 9 
A B C D 3 4 3 0  
A B C D 3 4 3 1  
A B C D 3 4 3 2  
A B C D 3 4 3 3  
A B C D 3 4 3 9  
A B C D 3 4 3 5  
A B C D 3 0 3 6  
A B C D 3 4 3 7  
A B C D 3 4 3 0  
A B C D 3 4 3 9  
A B C D 3 4 4 0  
A B C D 3 4 4 1  
A B C D 3 4 4 2  
A B C D 3 4 4 3  
A B C D 3 4 4 4  
A B C D 3 4 4 5  
A B C D 3 4 4 6  
A B C D 3 4 4 7  
A B C D 3 4 4 8  
A B C D 3 4 4 3  
A B C D 3 4 5 0  
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35 
C 
C 
C 

36 
C 
C 
C 

77 
C 
C 
C 

29 

8 

11 

1 2  

13 

1 4  

C 
C 
C 
28 

37 

IAVTRX = 1 
I T R A l  = 0 
IDOT = 0 
I D E S  = 0 
MODE = 2 
JDOT = 1 
WFB = WFB + D U ( 1 )  
RETURN 
IDOT = I D O T  + 1 

GENERATE  MATRIX FOR B HATRIX  CALCS 

DO 36 I = 1 , I N V  
J = I V A R B ( 1 )  
AIBM ( 1 , I D O T )  = (XVAR (J) - X S S  ( I ) )  / DU ( I D O T )  

GENERATE  MATRIX FOR D MATRIX  CALCS 

DO 77 I = 1 , I N C  
I U  = NUCOM (I)  
Y ( 1 , I D O T )  = ( C O V ( I U )  - USS ( I ) )  / DU ( I D O T )  

RESET  STEADY  STATE  VALUES 

IAMTSV = IAMTRX 
VODESV = MODE 
I D E S V  = I D E S  
ITRASV = ITRAN 
IDOTSV = IDOT 
DO 29 I = 1,1062 
COM ( I )  = XSAVE (I) 
IAHTRX = IAHTSV 
MODE = MODESV 
IDEJl  = I D E S V  
ITRAN = I T R A S V  
I D O T  = IDOTSV 
I F  ( I D O T  . GE. I N B )  GO TO 2 8  
GO TO ( 1 1 , 1 2 , 1 3 , 1 4 ) ,   I D O T  
A8 = 88 + DU(2) 
RETURN 
X 3  = X 3  + D U ( 3 )  
RETURN 
X4 = X4 + D t J ( 4 )  
RETURN 
X 5  = X5 + D U ( 5 )  
RET UR N 

FINAL  CALCS  FOR B MATRIX 

D O  38  K = 1 , I N B  
DO 38 I = 1 , I N V  
SUM = O.ODO 
DO 37 J = 1 , I N V  
SUH = SUH - ( A ( 1 , J )  * A I B H ( J , K ) )  

ABCD3451 
ABCD3452 
ASCD3453  
ABCD3454 
ADCD3455 
ABCD3455 
ARCD31657 
ABCD3458  
ABCD3450  
ABCD3453 
ABCD3461 
ABCD346% 
ABCD3463  
ABCD3464 
ABCD3465 
ABCD3465 
ABCD3467  
ABCD3 4 5 3 
ABCD3469  
ABCD3470 
ABCD3471  
ABCD3472 
ABCD3473  
ABCD31r74 
ABCD3475 
ABCD3476 
k B C D 3 4 7 7  
ABCD.347fl 
.4BCD3Y73 
P.BCD3480 
ABCD34P 1 
R F C D 3 4 5 2  
A BCD3 U i 3  3 
ABCD3484 
ABCD3495  
ABCD3Y86 
ABCD3497 
ABCD3488 
ABCD34'33 
A 9 C D 3 4 9 0  
ABCD3uS1 
ABCD34'92 
Ai5CD3u3 3 
ABCD3494 
ABCD3435 
A B C D 3 4 9 5  
AFCD3u37  
AECD3U98 
ABCD3433 
ABCD35CO 
AFCD353  1 
ABCD3502  
AECD3503  
ABCD3504 
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38 
C 
C 
C 
C 
C 
C 
C 

86 
87 
C 
c 
C 
C 

39 

1;O 

ril 

43 
17 0 

71 1 

112 

11 3 

111, 

115  
200  
C 
C 
C 
C 
C 

20 1 
C 
C 
C 

B(1,K) = SUH 

T H E   F O L L O W I N G   S T A T E K E N T  I S  USED AT L E W I S   O N L Y  
WRITE (15) 8 

F I N A L   C A L C S  FOR D M A T R I X  

D 3  87  K = 1 , IN3  
DO 97  I = 1 , I l J C  
SU?l = 0.0DC 
DO 86 J = 1 , I N V  
SUM = SUM + C ( 1 , J )  * A I B K ( J , P )  
D ( 1 , K )  = Y (1,K) - S I J 3  

TBE F O L L O W I K G   S T A T R M E X T  I S  U S E D  AT L E i J I S  OI iT,Y 
H K I T E   ( 2 5 )  D 

W R I T E   ( 6 , 8 5 )  
G 3  T O   ( 3 9 , 4 @ , 4 1 , 4 2 , ' 4 3 ) ,  IN3 
W R I T E  (6 ,31)  ( ( b ( I , J ) ,  J = 1 , I Y E ) ,  I = 1 , I N V )  
G O  'ro 110  
W R I T E  ( 6 , 9 2 )  ( ( E  (1,J) , J = 1,133) , I = 1 , T N V )  
G O  TO 1 1 0  
U R I T E  ( 6 , 3 3 )  ( ( B ( I , J ) ,  J = 1 , I N g ) ,  I = 1,I ' JV) 
GO ro 110  
kEITE (E ,9 i r )  ((B ( I , J ) ,  ,J = 1 , 1 > 1 3 ) ,  I = 1 , I Y V )  
G O  r o  110  
b i B I T E   ( t , 3 5 )  ( ( 9  (1.J) , ,J = 1 , I V T u )  , I = 1 , I F V )  
W R I T E  ( 6 , 8 2 )  
G O  r o  ( 1 ~ 1 , 1 1 2 , 1 1 3 , 1 1 4 , 1 1 5 ) ,  x v a  
W R I T E  (6,37) ( ( D ( I , J ) ,  J = 1 , I N B ) ,  T = 1 , I F : C )  
G O  T O  2 0 0  
H R I ' T E  (6,532) ( ( ! I  ( I ,  J) , J = 1 , I Y B )  , T = 1 ,  I Y C )  
G O  TO 200  

G O  T O  2 3 0  
WEtIPt: ( 6 , 9 4 )  ( ( D ( I , J ) ,  J = l , I ' ? p , ) ,  I = 1 , I ' i C )  
G O  T O  2 O r  
W H I T E  (O,95) ( (L) ( I , J ) ,  J = l , I Y B ) ,  I = 1 , I ! J C )  
IF ( L  .GT.  IEJV) S T O P  

C A L C U L A T I O N S  FOR ALL H I A T E I Z E S  3 F  3 F D r J C E 3  O E D E F  ' IODZL 

W R I T E  (6,133) ( ( D ( I , J ) ,  J = 1 ,1" !3 ) ,  I = l , I ' ! C )  

F I N A L   C A L C S  FT)B REDUCED A Y A T P I X  

CALL  DMINV ( A R I N V ,  I N V R E E ,  DET, LWV, YWV) 
DO 2 0 1  J = 1 , I N V F t E C  
DO 2 0 1  I = 1 , I X V F E D  
K = I N V R E l j  * ( J  - 1 )  + T 
A R  (I, J )  = A R I N V ( K )  

F I N A L   C B L C S  FOE. KEDUCr;D B MATRIX 

A 3 C D 3 5 0 5  
A B C D 3 5 0 5  
A R C D 3 5 0 7  
B B C D 3 5 0 3  
A B C D 3 5 0 9  
A i r C D 3 5 1 3  
A B C D 3 5 1 1  
A B C D 3 5 1 2  
A D C D 3 5 1 3  
A D C D 3 5 1 4  
A B C D 3 5 1 5  
k B C 9 3 5 1 5  
A Q C 3 3 5 1 7  
P .BCD3519 
A B C D 3 5 1 3  
A R C 3 3 5 2 9  
A a C D 3 5 2 1  
A B C 3 3 5 2 2  
3 3 C D 3 5 2 3  
A 3 C D 3 5 2 Q  

A 3 C D 3 5 2 C  
A 9 C D 3 5 2 7  
9 3 C D 3 5 2 3  
P .BC9352 ' :  
A 3 C T 3 3 5 3 3  
4 D C 3 3 5 3 1  
4 f i C D 3 5 ? 2  
~ ~ ~ n 3 5 3 3  
ABCD35?:!  
b E C 3 3 5 3 5  
A S C D 3 5 3 5  
A 9 C D 3 5 3 7  
A P C 0 3 5 3 R  
A B C D 3 5 3 9  
ADCD35 'J I )  
A 3 C D 3 4 4 1  
A B C D 3 5 U 2  
A B C n 3 5 4 3  
A3CL)35Lt!! 
A B C D 3 C . 7 5  
ABCY 35U h 
APJCD3 59 7 
AECD3549 
! iBCD35(13 
A i 3 C D 3 5 5 3  
A B C l i 3 5 5 1  
A R C C 3 C . 5 2  
A 9 C D 3 5 5 3  
A 9 C D 3 5 5 U  
ABCD3 5 5 5 
A 3 C D 3 5 5 5  
A r 3 t D 3  55 7 
A B C D 3 ' 5 E  

A J C 9 3 5 2 5  
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202 
20 3 
C 
C 
C 

204  
20 5 

20 6 
23 7 
C 
C 
C 

20 8 
20 9 

21 0 
21 1 

21 2 
21 3 

102  
1 0 3  

21 8 

DO 203 K = 1 , I N B  
D O  203 I = 1 , I N V R E D  
SUM = O.ODO 
DO 2 0 2  J = 1, I N V R E D  

BR(1,K) = S U H  

FINAL CALCS FOR REDUCED C M A T R I X  

sum = sun - A B  ( 1 . ~ 1  * AIBH (J ,K) 

DO 2 0 5  K = 1, I N V R E D  
DO 205 I = L , I N V  
SUn = 0.ODO 
DO 204 J = 1 , I N V R E D  
SUP4 = SUH + A 2 1 I N V ( I , J )  * AR(J,K) 
CINT  (1,K) = SUN 
DO 2 0 7  K = 1 , I N V R E D  
DO 2 0 7  I = 1, I N C  
SUM = O . O D O  
DO 2 0 6  J = L , I N V  
Sufi = SUM + C ( 1 . J )  * CINT(J,K) 
CR(1.K) = C (1,K) + SUM 

FINAL CALCS FOR REDUCED D M A T R I X  

D O  209 K = L , I N V  

SUM = O . O D O  
DO 2 0 8  J = 1, I N V R E D  
SUfl = S U M  + A B ( I , J )  * A12INV(J,K) 
CINT (1,K) = SUM 
DO 2 1 1  K = L , I N V  
DO 211  I = L , I N V  
S U N  = O . O D O  
D O  2 1 0  J = 1,INVRED 
SUN = SUM + A211NV(I8J )  * ZINT(J ,K)  
DINT(1.K) = SUM - A22INV ( 1 , K )  
DO 2 1 3  K = L , I N V  
D O  2 1 3  I = 1 , I N C  
SUN = O . O D O  
D O  2 1 2  J = L , I N V  
SUM = SUM + C (1,J) * D I N T ( J , K )  
B I N T ( 1 , K )  = SUM 
DO 1 0 3  K = 1 , I N B  
DO 1 0 3  I = 1 ,  I N C  
S U N  = 0.ODO 
DO 1 0 2  J = L , I N V  
S’Un = SUM + B I N T ( 1 , J )  * B ( J , K )  
DR(1.K) = SUM + D ( I , K )  
WRITE ( 6 , 2 1 4 )  
DO 2 1 8  I = 1,INVRED 
WRITE ( 6 , 4 4 )   ( B R ( 1 , J )  , J = 1 , I N V R Z D )  
CONTINUE 
WRITE ( 6 , 2 1 5 )  
G O  T O  ( 2 1 9 , 2 2 0 , 2 2 1 , 2 2 2 , 2 2 3 )  , I N B  

DO 209 7: = I ,  INVRED 

ABCD3559 
ABCD355 3 
AUCD3561 
BRCn3552 
A9CD3563 
A3CD3564 
AaCD3rSS 
Ki3CD35EE 
ABCD3557 
ABCD356E 
ABCD355? 
ABCD3570 
P.BCD3571 
ABCD3572 
ABCD3573 
ABCD3F.74 
ASC93573 
ABCD757E 
ABC33577 
A9CD3579 
ABCD3579 
P.BCD352? 
ABCD3581 
A3C93592 
ARCD35Q7 
A13CD3E97 
ABCD35P5 
43CD3595 
ABC335R7 
ABCD358F 
4BCD3E”G 
P.ECD3590 
P.RCD355.1 
ABCD3592 
?. ECD3 E: 03 
ARCD3539 
4BCD3595 
A3CD353j 
ARCD3EC7 
ARCD3=3-] 
ABCD3CPF: 
I\EC935’)? 
A3CD3irnl 
ABCD36C2 
ARC93633 
P.9CC3 51% 
AL7C375G? 
A3CD.3696 
AB(7D3637 
ARC33Ln0 
ABCP3 6 0 3  
A3CD3c13 
AilCD36 11 
ABCD3612 
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219 

220 

22 1 

222  

2% 3 
224 

22 5 

22 6 

227 

228  

22 9 

23 0 

44 
45 
50 
5 5  
60 
65 
7 0  
7 5  
8C 
81 
8 2  
85  
41 
92 
93 
94 
95 
21 4 
21 5 
21 6 
21 7 
2&0  
2b 2 
29 6 

W R I T E  ( 6 , C l )   ( ( 6 2 ( 1 , J ) ,  J = l , I N B ) ,  I = 1,INVFED) 
G O  T O  2 2 4  
WEITE ( 6 , 9 2 )   ( ( B € ? ( I , J ) ,  J = l , I ? I B ) ,  I = 1 , I N V R E D )  
G O  T O  2 2 4  
W R I T E  ( 6 , 9 3 )   ( ( B X ( I , J ) ,  J = l , . T E B ) ,  I = 1 , I N V F E D )  

G O  T O  2 2 4  . 
WRITE ( 6 , 9 5 )  ( ( B R  ( I ,  J )  , J = 1,Ilu'B) , I = 1 , I N V B E D )  
WRITE ( 6 , 2 1 6 )  
DO 2 2 5  J = 1,INC 
WRITE (6,4U) ( C B ( J , I ) ,  I = 1,INVRED) 
C O N T I N U E  
MRITE ( 6 , 2 1 7 )  
GO T O  ( 2 2 6 , 2 2 7 , 2 2 8 , 2 2 9 , 2 3 0 )  , I N E  
WRITE ( 6 , 9 1 )  ( ( D R ( I , J ) ,  J = 1 , I N B ) .  I = 1 , I N C )  

W R I T E  (6,92)   ( (DR ( I ,  J) , J = 1 ,  I N B )  , I = 1,  I N C )  

W R I T E  ( c , S 3 )  ( ( D R ( I , J ) ,  J = 1 , I N B ) ,  I = 1,TNC) 
STOP 
W R I T E  ( 6 . 9 4 )   ( ( D F  (1,J) , J = 1 ,  I N B )  , 'I = 1,INC) 
STOP 
W R I T E  ( 6 , 9 5 )   ( ( D R ( I , J ) ,  J = I , I N B ) ,  I = 1,fNC) 
STOP 
FORMAT (1PlOE12.4)  
FOfinAT ( I X ,  1 5 ,  2X, ' T H E  V A R I A B L E  I S  NO. I ,  13) 
FOBMAT ( IX ,  ' THE S.S. V A R I A B L E  I S  0.0 ' ) 
FORMAT ( I X ,  Y INVERSE = ) 
FORMAT (IX, * THIS COLUMN OF X ' ) 
FOFlJAT ( I X ,  ' THIS I S  T H E  S.S. SOLUTION ' ) 
FORNAT ( I X ,  ' A I N V  I S  SINGULAR * ) 
FORRAT ( 1 X ,  7 H A I N V  = ) 
FORMAT ( I X ,  4BA = ) 
FOBNAT ( I X ,  4HC = ) 
FORYAT ( I X ,  4HD = ) 
FORMAT ( ? X ,  4HB = ) 
FORMAT ( IX,   1PE12.4)  
FORNAT ( l X ,  1P2E12.4)  
FOEMAT (IX, 1P3E12.4) 
FORMAT ( I X ,   l P 4 E 1 2 . 4 )  

FORNAT ( l X ,  5HAR = ) 
FORNAT ( l X ,  5 H B R  = ) 
FORMAT ( 1 X ,  5HCR = ) 
FORYAT ( I X ,  5 H D R  = ) 
FORNAT (1H1) 
FOEHAT (1X. ' I G I N  = ' , 15) 
F3RYAT ( lX ,  'THE NEXT TRY FOR PVRDOF = ', 1PE12.4)  
END 

srop 

srup 

FORMAT ( I X ,  lPSE12.4) 

ABCD3613 
ABC3361rl 
AECD361 E 
BRCD3 0 1 5  
ABCD3617 
ABCD3619 
ABCD3619 
ARCD3620 
ABCD362 1 
ABCD3622 
kRCD3 62 3 
AECD362Q 
ABCD3 62 5 
ABCD3E26 
AECD3627 
ABCD3628 
ABCD36-39 
ABCD3633 
ABC33631 
ABCD3E32 
ABCD3633 
ABCD3634 
ABCD3635 
ABCD3636 
AaCD3637 
ABCD3639 
ABCD3639 
AECD3 64 C 
A3CD3641 
ABCD3642 
ABCD3643 
ABCD36P4 
ABCD3645 
ABCD364E 
ABCD3647 
ABCD3649 
ABCD3649 
ABCD3653 
ABCD3651 
ABCD3652 
ABCD3653 
ABCD3659 
ABCD3655 
ABCD3655 
ABCD3657 
ABCD3659 
ABCD3659 
ABCD3660 
ABCD3651 
ABCD3662 
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Subroutine ENGBAL 

SUBROUTINE  ENGBAL A B C 9 3 6 6 3  

C 

1 0 0  

13 1 

I R P L I C I T   R E A L * 8  (A-A, 0 - 2 )  ABCD36EU 
LOGICAL  EEBEA,  DURSPL,  FXFNZR,  PXH2CP. PAN AECD3665 
C3RBON  /COMALL/ COR ( 1 0 6 2 )   A 3 C D ? 6 6 S  
DIMENSION  WORD(2) , ERR ( 9 )  ABCD3 6 5  7 
DIMENSION V A R  ( 9 )  , D E L ( 9 )  , E R R B ( 9 )  , DELVAR(9) , EMAT (9,g) , VMAT ( 9 )  , A S C D ? 6 5 3  

1 ANAT ( 9 ) ,  DELSAV (9)  , AWORD ( 2 )   A a C l 3 3 6 6 9  
EQUIVALENCE (WORD ( 1 )  , COM( 1 )  1 , (RODE,   COM(6))  , (INIT, COY ( 7 )  ) , ABCD3673 

1 ( I T R Y S ,   C O M ( l 8 ) ) .   ( L O O P E R ,   C O M ( l 9 ) ) ,  (NOMAP, CO?1(20)  ) ARCD3671 
2 ( N U B M A P ,  COH ( 2 1 ) )  , (MAPEDG, C3'l ( 2 2 )  ) , (TOLALL, E O 1  ( 2 3 )  ) , ABCD3672 
3 (ERR (1) , C O F l ( 2 4 ) )  , (TFHPDS, COM ( 1 1 8 ) )  , (ZF, C O M ( 1 3 6 )  ) 8 ABCD3673  
4 ( P C N F .   C O R ( 1 3 7 ) ) ,   ( 2 1 ,   C O M ( l 3 9 ) )  , ( P C N I ,   c O M ( 1 4 0 ) ) ,  A3C7.3671  
5 ( T F F I P ,   C O R ( 1 4 1 ) ) ,   ( T 4 ,   C O R ( 1 5 6 ) )   ( T F F H P ,   C O R ( i 7 5 ) )  8 ABCD3675  
6 ( P F L P D S ,  COR ( 2 7 5 ) )  , ( T F I P D S ,  C O N  ( 2 7 8 )  ) , ( P F F L P ,  COM ( 2 9 9 )  1 , A9CD967E 
7 ( Z C ,   C O I I ( 3 0 0 ) )  , (PCNC, CON ( 3 0 1 )  ) , ( T I N E ,   C O R ( 9 9 3 )  ) 8 PBCD3677  
8 ( D T ,  C O M ( 9 9 4 ) ) ,   ( T P ,   C O N ( 3 9 5 ) )  , ( I S P O O L ,   C O R ( i 0 4 4 )  1, A P C D 3 6 7 5  
9 ( I T B A N ,   C O H ( 1 0 4 9 ) ) ,   ( J T R A N ,   C 3 7 ( 1 0 5 0 ) ) ,   ( N S T E P ,   C O M ( 1 0 5 1 ) )  8 A 9 C D 3 6 7 3  
1 ( I A I I T R X ,   C O R ( 1 0 5 4 ) )  , ( E R R E R ,   C O M ( 1 0 5 6 ) ) .   ( D U M S P L ,   C 3 ' l   ( i O 5 7 ) ) ,   A B C D 3 6 6 ?  
2 [FXFN2R. C@M (1058) ) .  (FXHZCP, C O Y  ( 1 0 5 9 ) )  , (PAN, ZOM ( 1 0 6 1 )  ) ARCD36Rl 

D A T A  A W O R D  / I I H E N G B ,  @ H A L  
DATA VDELTA,  VLIM,  VCHNGE,  NORISX  /1.0D-4, O - I D g ,  
DATA DEL  /g*o.ODo/ 
DATA DELSAV  /9*1.OD-4/ 

I F   ( I T R A N  .NE. 1 )  GO TO 1 3 0  
CALL SY G ( 1 )  
JTRAN = 1 
I N I T  = 1 
NSTEP = NSTEP + 1 
I F  (IAHTRX- .EQ. 1 )  NSTFP = N S T E P  - 1 
T I R E  = DT * DPLOAT(NSTEP)  
I F  ( T I H E  .GT. T F )  GO TO 1 0 0  
CALL D I S T R B  
CALL  COINLT 
GO TO 1 0 1  
I F   I I A B T R X  .EO. 1) C A U D f S T R B _ . -  - 

TPPHP = TFHPDS . 
T P F I P  = T P I P D S  
I F  ( F X H 2 C P )   T F F I P  = TFHPDS 
T F F L P  = T P L P D S  
LOOPER = 0 
N U M B A P  = 0 
NOHISS = 0 
LOOP = 0 
HISLYAT = 0 
NOHAP = 0 
I G O  = 2 
DO 3 I = 189 
VHAT(1)  = O-ODO 
AMAT(1) = O.ODO 
DELVAR ( I )  O-ODO 
DO 3 L = 1,9  

.. 

"" - Ai3CD3692 
A 9 C D 3 6 9 3  
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3 
4 

45 

5 

35 

6 

7 

8 

? 

1 0  

11 

E H A T ( 1 , L )  = O . O D O  
LOOPEB = LOOPER + 1 
CALL  COPAN 
WORD (1) = AWORD(1) 
WOFD(2) = AwORD(2) 
I F  (.NOT. F A N )  DUHSPL = .TRUE. 
I F  (LOOPER  .LE.   ITRYS) 63 TO 45 

G O  TO 26 
I F  (NOEAP .GT. 0) G O  T O  2 
N U U M A P  = 0 
V A R  ( 1 )  = ZF * 100.ODO 
V A R  ( 2 )  = PCNF 
I F  (HODE .EQ. 3 )  V A R  ( 2 )  = Th / 10.ODO 
V A R  ( 3 )  = ZC * 100.ODO 
V A R  (4) = PCNC 
I F  (NODE .Ea .   1 )  V A R  ( 4 )  = T4 / 1 O . O D O  
V A B  (5) = TPFHP 
V A R ( 6 )  = T F F L P  
V A R ( 7 )  = Z I  * 100.ODO 
V A R  (8) = P C N I  
V A R ( 9 )  = T F F I P  
N M A X  = 9 
IF (FAN) GO TO 39 
N M A X  = 6 
I P   ( I S P O G L  .EQ. 2 )  G O  TO 7 
N M A X  = 3 
V A R  ( 3 )  = T F F L P  
G O  T O  7 
I F  (.NOT. FXFN2M . A N D .  (.NOT. DUMSPL))  GO T O  6 
N n A X  = 7 
I F  (DUMSPL) N M A X  = 6 
I F  (.NOT. FXM2CP) G O  TO 7 
N M A X  = 7 
V A E  ( 4 )  = P C N I  
V A R  (5) = T F F I P  
DO 8 I = 1 , N M A X  
I F  (DABS ( E F E i ( 1 ) )  .GI. TOLALL) SO T O  9 
CONTINUE 

ERRER = .TRUE. 

IF ( ITHAN .EQ. 1) CALL F ~ L L  
CALL PERF 
CALL ERROR 
IF (LOOP .GT. 0 )  G O  T O  11 
NAPEDG = 0 
HAPSET = 0 
DO 1 0  I = 1 , N N A X  
E R R B ( 1 )  = E R R ( 1 )  
DEL ( I )  = VDELTA * V A 9  ( I )  
G O  T O  1 4  
I F  (HISMAT  .ST.  0)  G O  TO 2 9  
I F  (MAPECG .EQ. 0) GO TO 7 2  
BAPEDG = 0 
EAPSET = 1 
V A R  (LOOP) = VAF (LOOP)  + 2.cI)@ * E L L  ( L O O P )  

ABCD3719 
A 3 C D 3 7 1 9  
B B C D 3 7 2 3  
ABCD3721  
ABCD3722  
ABCD3723  
ABCD3724 
ABCD3725  
ABCD3726 
ABCD3727  
ADCD3723 
ABCD3729  
ABCD3733 
ABCD3731 
A 3 C D 3 7 3 2  
ABCD3733  
ABCD3734 
ABCD3735  
ABCD3736  
ABCD3737  
ABCD3738  
ABCD3733  
ABCD3740  
ABCD37U 1 
A 3 C D 3 7 4 2  
ABCD3743  
A 3 C 3 3 7 4 4  
ABCD3745 
AACD3745 
9 9 C D 3 7 4 7  
ABCD3743  
ABCD3749  
ABCD3753 
ABCD3751 
P.BCD37C.2 
ABCD3753  
ARCD3754 
A q C n 3 7 5 5  
A 3 C 3 3 7 5 5  
ABCD3 75 7 
A3CD37E.9 
P i l C D 3  7.5? 
A 3 C Q ? - J 6 0  
A B C D 3 7 5 1  
ARCD376.2 
P . R C 3 ? 7 h 3  
P.BCD37h9 
ABUD775S 
R 3 C D 3 7 6 5  
P.BCD3767 
?!BrD3 7 5 3 
A 3 C D ? 7 6 ?  
kBCD377r j  
F RCD377 1 
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12  

13 
14 

15 

1 6  

17 
l e  

19 

23 

2 1  

22 
23 

GO TO 15 
I F  (HAPSET  .EQ. 0) VAB ( L 3 3 P )  = V A R  (LOOP)  + D E L ( L O 0 P )  
I F  (HAPSET  .EQ. 1) V A R ( L O 0 P )  = V A R  (LOOP) - D E L ( L O 0 P )  
HAPSET = 0 
DO 13 I = 1 , N H A X  
I F  ( D E L ( L O 0 P )  .NE. O . O D O )  D E L S A V ( L 0 O P )  = D E L ( L 0 O P )  
I F  (DEL  (LOOP) .EQ.  O.OD0)  DEL(L0OP) = DELSAV(L0OP)  
EMAT ( 1 8 L O O P )  = ( E R R B ( 1 )  - E R R ( I )  ) / D E L ( L O 9 P )  
LOOP = LOOP + 1 
I F  (LOOP .GT. NHAX) G O  TO 17 
VAB (LOOP)  = VAF (LOOP)  - D E L ( L 0 O P )  
Z P  = V A R  ( 1 )  / 100.ODO 
I F  (HODE  .NE. 3)  PCNF = VAF ( 2 )  

ZC = V A R  (3 )  / 100.ODO 
I F  (HODE ,NE. 1) PCNC = VhR ( 4 )  
I F  (HODE  .EQ. 1) T 4  = V A R  (4) * 1o.oDO 
T F F H P  = V A R  (5) 
T P F L P  = V A R ( 6 )  
Z I  = V A R  (7)  / 100.ODO 
PCNI = V A R ( 8 )  
T F P I P  = V A R ( 9 )  
I F  (.NOT.  PXR2CP) GO TO 16  
P C N I  = V A R  ( 4 )  
T P P I P  = V A R ( 5 )  
I F   ( I S P O O L  .EQ. 1) T F F L P  = V A R ( 3 )  
I F  ( 2 1  .LT. O . O D O )  Z I  = 0.05DO 
I F  ( Z P   . L T .  O . O D O )  ZP = O"25D3 

G O  T O  (2,4) , I G O  
DO 18 I = 1 , N M A X  
AMAT(1)  = - ERRB ( I )  
DO 2 0  I = 1 , N M A X  
I Z E R O  = 0 
D O  1 9  LOOP = 1 , N M A X  
I F  ( E M A T ( 1 , L O O P )  .EQ. O . O D @ )  IZC?D = I z l ? p o  + 1 
CONTINUZ 
IF  ( I Z E R O  . L T .  N Y A X )  GC. r ?  2 0  
WRITE ( 6 , 3 2 )  I 
LOOPER = I T R Y S  + 1 o c  
G O  TO 2 6  
CONTIYUE 
D O  2 2  L O O P  = 1 , N M A X  
I Z E R O  = 0 

I F  (HODE EQ. 3)  T 4  = V A R  ( 2 )  * IO. O D O  

I F  ( Z C  .LT.   0 -ODO)  ZC = O.05DO 

D O  2 1  I = 1 , N M A X  
I F  ( E M A T ( 1 , L O O P )  .EQ. 0.0DO) I Z E R 3  = I Z E R O  + 1 
I F  ( I Z E 3 0  .LT .  N M A X )  G O  T 7   2 2  
M R I T E   ( 6 , 3 3 )   L O O P  
LOOPER = ITRYS + 100 
G O  TO 2 6  
COKTINUE 
CALL  HATRIX  (EMAT,VMAT,AHAr,NMAX) 
L B I G  = 0 
VARBIG = O.ODO 

.~ 
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2 4  

25 

2 6  

27 

2 8  

2 9  

30 

3 1  

C 
C 
3 2  
33 
3 4  

35 
3 6  
37 

3 9  

DO 2 4  L = 1, N M A X  
ABSVAR = D A B S  (VMAT ( L )  ) 
IF ( A B S V A R  .LZ .  VLIM * V A R ( L )  GO ro 2~ 
I F  (ABSVAR .LE!. VARBIG) G 3  TO 2 4  
L B I G  = L 
VAEBIG = AESVAR 
COICTINUE 
VRATIO = 1 . O D O  
I F   ( L B I G  .GT. 0)  VRATIO = VLIR * VAR(LE1G)  / VAEBIG 
ERRAVE = 0 . O D O  
VMTAVE = 0 . O D O  
DELAVE = 0-OD0 

DO 25  L = 1 , N M A X  
DELVAR ( L )  = VRATIO * VMAT(L) 
ERRAVE = EFRAVE + DAES (AMAP ( L ) )  / FNMAX 
V A R  ( L )  = V A B ( L )  + DELVAE (L)  
V M T A V E  = V M T A V E  t DABS ( v m r  (L)) F N M A X  
DELAVE = DELAVE + D A B S ( D E L V A R ( L ) )  / ? N M A X  
I F  (MISMAT  .GT. 0)  G O  TO 31 
I F  (MOMISS .EQ. 0) MISMAT = 1 
I F  (MISMAT .Ey. 0)  I G O  = 1 
WRITE  (8 ,34 )   LOOPER 
D O  27  I = 1 , N M A X  
WRITE (8,35) A M A T ( 1 )   , ( E P l A T ( I , L )   , L = 1 , 9 )   , V M A T ( I )   , D E L V A R ( I )  , V A R ( I )  
WRITE ( 8 , 3 6 )  ERFAVE,VMTAVE,DELAVE 
I F  ( L O O P E R  .LT.   ITRYS)  G3 TO 1 5  
CALL  ERROH 
RETURN 
VMFAVX = VMTAVE 
DO 30  I = 1 , N R A X  
A M A T  ( I )  = - E R R ( 1 )  
G O  TO 2 3  
WRITE (8 ,37)  ANAT,ERPAVEIDELVAR,DELAVE,VMAT,VMTAVE,VAR 
MISMAT = BISElAT + 1 
I F  (VMTAVE .LT. VCHNGE * VVTAVX) G O  TO 28 
WRITE ( 8 , 3 8 )  
I F  (RISMAT  .LT.  N O 3 I S X )  NOMISS = 1 
MISNAT = 0 
LOOP = 0 
I G O  = 2 
G O  TO 5 

FNRAX = NnAX 

FORAAT (4HOROW,I2 ,16H I S  Z Y R O  IN EMAT) 
F3RMAT  (7HOCOLUHN,I2 ,168  I S  ZERO I N  ERAT) 
FORRAT (8HB  ERR3,28X,23HEfF!3R  MATRIX A F T E F  LOOP,I4,29X*UHVYAT, 

1 6X,6HDELVAR,7X,14HVARIABLE$$$$$$) 
FORMAT (lHO,F8.4,1OF9.3,2Fl1.~,6H$$$$$) 
FORAAT (lRO,F8.4,32X,14HAVERAGE V A L U E S , 3 1 X , 2 F 1 1 . 4 , 6 H $ $ ~ $ $ $ )  
FORYAT  (12HO----- AMAT,13P11.5,6H$$$$S$,/, 1 2 H  ----- DELVAB , 

1 1 0 F 1 1 . 6 , 6 H $ $ $ S $ $ , / ,  12H ----- V ~ A T , l O F 1 1 . 6 , 6 H $ $ % 3 $ 3 , / ,  
2 1 2 H  ----- VAR,9P l1 .6 ,6HS$$B$$)  

F3RRAT  ( lH0,5OX,22ACHANGE T O O  SHALL$$$$$$) 
END 

ARC33R25  
FBCD3827  
P.BCD3e28 
P.BCD3923 
ARCD383!! 
P.BCD3831 
ARCD3P32 
P.BCD3933 
FPCD353L' 
ARCD3835  
P .SCD3835  
ABCD3837  
A a C D 3 8 3 5  
ABCD3839  
ABCD3993 
ABCDJPU'I 
ABCD3842 
ABCD3a43  
P BCD3f 7 9 
Ai3CD3PU5 
P-BCD3846 
ABCD 3 44 7 
P.BCD3943 
ARCD36hSi 
ABCD3e53  
ABCD3851 
ABCD3952 
ABCD3853  
ABCD3854 
ABCD3855 
ABCD3855 
A 3 C D 3 8 5 7  
A 3 C D 3 8 5 8  
ABCD3953 
A 9 C D 3 8 6 3  
ABCD3861 
A 3 C D 3 8 5 2  
ABCD3863  
ABCD3854 
ABCD3865 
ABCD3855 
ABCD3867 
ABCD3853  
ARCD38E9 
AaCD3A70 
ABCD3871 
ABCD3872  
ABCD3873  
ARCD387U 
ABCD3875 
ABCD3876 
ABCD3877 
ABCD3878 
ABCD3R79 
ABCD3 t! 9 3 
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Subroutine ERROR 

1 

C 
C 
2 
3 
4 
5 
6 
7 
8 
10 
11 
12 

S U B R O U T I N E   E R R O R   A S C D 3 P P 1  
I M P L I C I T   R E A L * 8   ( A - H ,  0 - 2 )  A B t D 3 9 9 2  
L O S I C A L   Z R R E R ,   D U H S P L ,   F X F N Z M ,   F X f l 2 C P ,   A F T F A N ,  FAN A S C 9 3 A R 3  
COHHON  /CONALL/ COM ( 1 0 6 2 )   A E C D 3 8 3 3  
D I M E N S I O N  WORD ( 2 )   A B C D 3 e 9 5  
D I M E N S I O N  AWORD ( 2 )  P.BCD3595 
E Q U I V A L E N C E  (WORD ( I ) ,  COR ( 1 )  ) ,  (MODE, COM(6)), ( IDUMP,   C3M (8)), AECD3Rf37 

1 ( L O O P E R ,  COM ( 1 9 ) ) ,  (ZP, C 3 M  ( 1 3 6 ) ) ,   ( P C N P ,   C O M ( 1 3 7 ) ) ,   A i 3 C D 3 8 8 E  
2 ( 2 1 ,  C O H ( 1 3 9 ) ) ,   ( P C N I ,   C O M ( 1 4 0 ) ) ,  ( T Y ,  C O H ( 1 5 6 ) ) ,  ( 2 2 ,  C 9 Y ( 3 0 0 ) ) , A B C D 3 H 3 3  
3 ( P C N C ,   C O H ( 3 0 1 ) ) ,   ( I S P O O L ,   C O H ( 1 0 4 4 ) ) ,   ( I C O A F B ,   C O M ( 1 0 4 5 ) ) ,   A D C D 3 8 9 1 1  
4 ( I C O D I J C ,   C 0 7 ( 1 0 4 6 ) ) ,   ( I C O M I X ,   Z O F I ( l O u 7 ) ) ,   ( E R R E ? ,   C 0 ' ! ( 1 0 5 6 ) ) ,  
5 ( D U M S P L ,  COM ( 1 0 5 7 )  ) , ( F X F N Z F ,  CON ( 1 ~ 3 5 8 ) ) ~  (FXMZCP,  C 3 Y  ( 1 0 5 9 ) ) ,  
6 ( A P T F A N ,   C O M ( 1 0 6 0 ) ) .  (FAN, C O ! l ( l O 6 1 ) )  

DATA AWORD /4HCOI1M,  4HON / 
I F  ( I C O A P B   . L T .  1) I C O A F B  = 0 
I F  ( I C O M I X  .LT. 1 )   I C O M I X  = 9 
I F  ( I C O D U C   . L T .   1 )   I C O D U C  = 0 
I F  ( I C O A F B   . N E .  0) W R I T E   ( 6 , l O )   I C D A F B  
I F  ( ICODUC  .NE.  0) W R I T E   ( 6 , l l )   I C O D U C  
I F  ( I C O M I X   . N E .  0) W R I T E   ( 6 , 1 2 )   I C O M I X  
E R R E R  = .TRUE.  
Y R I T E  (6,2) WORD 
WORD (1 )  = AYORD ( 1 )  
W O R D ( 2 )  = AYORD ( 2 )  
W R I T E   ( 6 , 3 )  W O R D , Z F , P C N F , Z I , P ~ N I , Z Z , P C ! ' I C , T 4 , M O D E  
Y R I T E  (6,4) 
W R I T E  (6,s) ( C O M ( 1 )  , I = 3 3 , 3 9 4 )  
Y R I T E  (6,4) 
W R I T E  (6,8) DUMSPL, PXFN2M. P X Y 2 C P ,   A F T F A N ,  FAN, ISP3OL 
W R I T E  (6,4) 
W R I T E   ( 6 , 7 )   L O O P E R  
I F  ( I D U R P  .EQ. 0) GO T O  1 
W R I T E   ( 6 , 6 )  
C A L L   S Y G   ( 2 )  
CALL  ENGBAL 
RETURN 

FORM AT 
FORM AT 
P O R H A T  
FORHAT 
FORMAT 
PORBAT 
FORMAT 
PORLl AT 
F O R M A T  
FOEHAT 
END 

( 2 8 H O A N  ERROR H A S  BEEN  FOrJND I N  ,A4,  A2)  
(lHO,A4,A2,9X,7E15.6,14) 

(1H , 8 3 1 5 . 6 )  

( 2 5 B O F A I L E D   T O   C O N V E R G E   b F T E R , I 4 , 6 H   L O O P S )  

(27H THE  ERROR IN C 3 A P B N  I S  AT , I 3 )  
(278 T H E  ERROR I N  C 3 D U C T  TS AT ,131 
(27H T H E  ERROR I N  COMIK I S  AT , 1 3 )  

(2H0 1 

( 1 A l )  

( I H  , 5 ~ 1 5 . 6 , 1 1 2 )  

ABCD.383 1 
A B C D 3 8 Q 2  
P . 3 C D 3 P 9 3  
ABCD3Y? 4 
A S C D 3 8 9 5  
ABCD3 8 3 5 
ARCD-I  A?7 
4 R C D 3  i! Q 3 
A B C D 3 3 9 P  
A b C D 3 0 3 3  
A B C D 3 Q n l  
A 3 C D ? a ( 1 2  
A B C D 3 9 2 3  
A R C 3 3 9 3 1  
A F C D 3 9 2 5  
A B C D 3 9 0 6  
ABCD3 9 3  7 
ABCD39CY 
A E C D 3 9 0 3  
A B C D 3 9 1 3  
A B C D 3 9 1 1  
A B C D 3 q 1 2  
A 3 C D 3 9  1 3  
A R C D 3 0 1 4  
A B C D 3 9 1 3  
A 3 C D 3 9  15 
A B C D 3 3 1 7  
ABCG3 0 1 3  
A 3 C D 3 9 1 ?  
A B C D 3 9 2 3  
A B C D 3 9 2 1  
A R C 3 3 9 2 2  
A B C D 3 9 2 3  
ABCD3Q2L)  
A B C D 3 9 2 5  
A B C D 3 9 2 5  
A E C D 3 9 2 7  
A B C D 3 9 2 5  
A B C D 3 9 2 3  
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Subroutine ETAAB 

SUBROUTINE ETAAB ( P A R , E M 6 , P 6 , E I A 8 E ~ A A D S , E T A A S Y , P 6 D S , P 6 D S A V , A M 6 D S 8  ABCD3030 
1 An6DSV81DES, PARTDS, PAR7SV) ABCD3 9 3 1 

DIMENSION TFAR (25)  , ETABRT (25)  , E!I6T(7) , DELR6 (7)  , P6T  (14) , ABCD3933 
1 DELP6 (14 )  , x ( 3 )  8 Y(3) ABCD393P 

D A T A  TFAR/.039D08  .0585DO, -0732D0,  .0878D0, -0976D0,  . 1 1 7 1 D O ,  ABCD3935 
1 ,1268D0,  .1463D0,  .1619DO,  ,183490,  ,195180.  .2195B0,  ,2439D0, ABCD3936 
2 .2927D08  .3415DO,  ,4146D0,  .453@DD,  -5366130,  -634180,  .7317D0, ABCD3937 
3 .8293D0,   .9268D0,   100D0,   100634D0,  1 . 7 D O /  ABCD3 93 3 

D A T A  ETABRT/.94D08 -9887D0,   1 .019300,   1 .0306D0,   1 ,0227D0,  ABCD3939 
1 -9672D0,  -9377D0,  -9207D0,  -9354D0.  .9626D0,  .9773DO,  1.0193D0, ABCD3943 
2 1.0532D0,  1.077D0, !.0781DO, 1.077D0,  1.0747D0,  1.0668D0, ABCD394 1 
3 1.0578D0,  1.051D0,  1.0374D0,  1.0192D0, 1.OD0, .9626DO,  .9151DO/ ABCD3942 

D A T A  EM6T/1.ODO8 1.071D0,  1.19D0,  1.30900,  1.428D0,  1.547D0, ABCD3943 
1 1,666D0 / ABCD3944 

DATA DELM6/0.0D08 -013D0, .041DO, .073DO, . 1 1 D O ,  -147D0,  .187DO/ AECD3945 

1 .5DO, .5833D0,   ,5556D0,  .75DD,  .!3333DO, .3167D0, l . O D O /  ABCD3947 

IMPLICIT REAL*8 (A-H,O-Z) ABCD3932 

D A T A  P6T/.22DO,  -2267D0,  -25DOe  -3008  e3333D0.  -3767D0,  ,4167D0, ABCD39P5 

D A T A  DELP6/-.142DO,  -.125DO, -.1D08  -.075DO,  -.062D08  -,05DO,  ASCD3943 
1 -,041DO,  -.027DO,  -.019D3,  -.013DO,  -.008DO, -.004DO. -.0021DO, ABCD3949 
2 O.ODO/ ABCD3953 

I F   ( I D E S  .NE. 1)  G O  T O  5 ABCD3951 
ECIULT = ETAADS / ETAASV ABCD3952 
FMULT = FAR7DS / FAR7SV ASCD3953 
AMULT = AM6DS / AM6DSV ABCD395Y 
PMULT = P6DS / P6DSAV ABCD3955 
DO 1 K = 1 , 2 5  AECD3056 
ETABRT(K) = ETABRT (K) * EMULT ABCD3957 

D O  3 K = 1 ,7  ABCD3953 

DO 4 M = 1 , 1 4  ABCD3951 

ETAASV = ETAADS ABCD3953 
P6DSAV = P6DS  ASCD3964 
PAR7SV = FAR7DS ABCD3965 
AMODSV = APl6DS ABCD3966 
R E T U R N  ABCD395 7 

I F  (PAR .GT. 0.067DO) GO T O  8 ABCD3 9 5 3 
DO 6 J = 7,25 ABCD3970 
I F  (FAR .GE. T F A R ( J ) )  N = J - 1 ABC33971 

6 C O N T I N U E  ABCD3972 
I F  ( N  ,EQ.  0 )  N = 1 AECD3973 
I F  (N .GE. 2U) N = 2 3  ABCD3 971 
DO 7 I = 1 . 3  AFCD3 075 
N N = N - 1 + 1  ABCD3975 
X ( 1 )  = T P A R ( N N )  ABCD3077 

CALL P A R A B O  (X,Y,FAR,ETAl) AACD3079 
G O  TO 9 P.BCD3993 

1 TFAR (K) = T F B R ( K )  * FMULT ABCD3959 

3 E f i 6 T ( K )  = EM6T(X) * AMULT ABCD 3 96 0 

4 P6T (n) = P6T ( M )  * PMIJLT ABCD3962 

5 N = O  ABCD3368 

7 Y ( I )  = ETABRT (NN) ARCD3 97 9 

8 E T A 1  = - 2.ODO * FAR + -1948DO AFCD3QR1 
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9 n = o  
DO 10 J = 1,7 
I F  ( E R 6  .GE. E R 6 T ( J ) )  8 = J - 1 

10 CONTINUE 
I F  ( M  .EQ. 0) PI 1 
I F  ( n  .GE. 6 )  M = 5 
DO 11 I = 1 , 3  

X ( I )  = EH6T(nPI )  
M R = M - l + I  

11 Y ( I )  = DELM6 (MR) 
CALL  PARABO  (X,Y ,En6  ,COR1)  
L = O  
DO 1 2  J = 1,14  
I F  ( P 6  .GE. P 6 T ( J ) )  L = J - 1 

I F  (L .EQ. 0) L = 1 
I F   ( L  .GE. 1 3 )  L = 1 2  
DO 13 I = 1,3  
L L = L - 1 + 1  
X ( I )  = P 6 T   ( L L )  

CALL  PARABO (X,Y,P6 ,COR2)  
ETA = ETA1 * (1.ODO - C O R l )  * (1.ODO + C O R 2 )  
RETURN 
END 

12 CONTINUE 

13 Y(1) = D E L P 6   ( L L )  

Subroutine FASTBK 

SUBROUTINE  FASTBR 
I M P L I C I T  REAL*8 ( A - A ,  0 - Z )  
LOGICAL FAN 
COMMON /COMALL/ COM ( 1 0 6 2 )  
EQUIVALENCE ( P I ,  COH ( 3 3 ) ) ,   ( T 2 5 ,  CON ( f i g ) ) ,  (P25, :OM ( 4 7 ) )  , 

1 ( H 2 5 ,  COM ( 4 8 ) ) ,   ( S 2 5 ,   C O F l ( 4 9 )  ) , (WFD, COY ( 7 2 )  ) , (XXP1 ,  COM ( 7 6 )  ) , 
2 (XWG24, COM ( 7 7 ) ) ,  (XFAA24,  COR ( 7 8 ) ) ,   ( X T 2 5 ,  COM ( 7 9 )  1 ,  
3 ( X P 2 5 ,  CON ( E o ) ) ,  ( X A 2 5 ,  f3M ( E l ) ) ,   ( X S 2 5 ,   C O M ( 8 2 ) ) ,  
4 (XWG55, C O N ( 8 3 ) ) ,   ( X F A R 5 5 ,  COM ( 8 4 )  ) , ( X T 5 5 ,   C O f l ( @ 5 ) )  , 
5 ( X P 5 5 ,  CON (86)), (XH55 ,  C 3 M  ( 8 7 ) ) ,  (XS.55, E O M ( E e ) ) ,  
6 (XWFB, CON ( 8 9 ) )  , (XWFD, C O N ( 9 o )  ) ,  (WPE, COP! ( 1 9 2 ) ) ,  
7 ( r 2 1 ,  COM ( 2 6 3 ) ) .   ( H 2 1 ,  C3M ( 2 6 7 ) ) ,   ( S 2 1 ,   C O M ( 2 6 5 ) ) ,  
8 (T55, CON ( 2 7 2 ) ) ,   ( H 5 5 ,  COR ( 2 7 3 ) ) ,   ( S 5 5 ,  COP? ( 2 7 4 ) ) ,  
9 (ELF, COM ( 3 1 6 ) ) ,  (WAF, COR ( 3 1 3 ) ) ,  (WG24, COY ( 3 2 1 ) ) ,  
1 ( F A R 2 4 ,   C O N ( 3 2 2 ) ) ,  (WG55, C O M ( 3 2 3 ) ) ,  (FAR55, C O Y ( 3 2 1 ) )  , 
2 ( P 2 1 ,  COM ( 3 7 7 ) )  , ( P 5 5 ,  COM ( 3 8 7 )  ) , (FAN, COF (1@€ 1 )  ) 

X T 5 5  = T 5 5  
XP55 = P 5 5  
X H 5 5  = H55 
xs55  = s55 
I F  (FAN) G O  TO 1 
T 2 5  = T 2 1  
P 2 5  = P 2 1  
H25 = H21 
S 2 5  = 521 
WG24 = WAF - B L F  

ARCD3992  
ABCD3993  
ABCD399U 
ABCD3935 
ABCD3986 
ABCD3 9 9  7 
ABCD3958 
ABCD3933 
ABCD3993  
ABCD3931 
ABCD3002 
ABCD3933 
ABCD399U 
ABCD3935 
ARCD3995 
.4BCr)3097 
ABCD39?? 
ABCD3933 
ARCDUOCC 

ASCD40C2 
ABCDLI 0 3  3 
A9CD4C04 
F.3CD4CC5 
ARCLIL'"35 

AWN n g  1 

A3CDQC37 
A R C D L f  COS 
ABCDL) 033 
ABCD4O10 
A 9 C D 4 0 1 1  
A 9 C D u 0 1 2  
A S C D u n l 3  
AFCD4017  
A 3 C D 4 9 1 5  
A 3 C 3 u  C 1 5  
AaCDUC17 
A"UD4Q19  
ABCDuOl? 
ASCDuC2C 
ASCD402 1 
Pi3CD4022 
A B C 3 4 0 2 3  
A6CD4C29 
PBCDYC2F 
ABCD4P25 
ABCD4027 
ABCDu025 
ABCD4C29 
ABCDU 0 3 3 
ABCD4031  
4 B C D 4 0 3 2  
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1 X T 2 5  = T 2 5  
XP25 = P 2 5  
X I i 2 5  = H25 
XS25 = 525 
XWPB = WFB 
XWG55 = WG55 
X F A R 5 5  = FAR55 
XWFD = YFD 
X W G 2 4  = WG24 
X F A R 2 4  = FAR24 
XXP1 = P 1  
C A L L   C O N I X  
RETURN 
END 

Subroutine  FCNTRL 

S U B R O U T I N E   F C N T R L  

RETURN 
END 

I M P L I C I T   R E A L * 8   ( A - H ,   0 - Z )  

Subroutine FRTOSD 

S U B R O U T I N E   F R T O S D  
I H P L I C I T   R E A L * 8   ( A - H , O - Z )  
L O G I C A L  F A N  
COMlrON  /COMALL/  CON ( 1 0 6 2 )  
E Q U I V A L E N C L  ( P l ,  COY ( 3 3 ) ) ,  (H3, C 0 3 ( 1 5 3 ) ) ,  (WAC, CON (191)  ) , 

1 ( X P 1 ,  COH ( 2 0 0 ) ) ,   ( X T 2 1 ,   C O M ( 2 3 1 )  ) , (XP21,  COM (202 )  ) 
2 ( X H 2 1 ,  CON (203)  ), (XS21, ZOM (2?4)), (XH3, C O M ( 2 0 5 ) ) ,  
3 (XWAF, COM ( 2 0 6 ) ) ,  (XWAC, COM ( 2 0 7 ) )  , ( X B L F ,   C O N ( 2 0 9 ) ) ,  
4 ( X B L D U ,   C O N ( 2 0 9 ) ) ,   ( T 2 1 ,   C O M ( 2 5 3 ) ) ,  (H21, C O M ( 2 6 4 ) ) ,  
5 ( S 2 1 ,   C O V ( 2 6 5 ) ) .   ( B L F ,   C 3 3 ( 3 1 6 ) ) ,   ( B L D U ,   Z O N ( 3 1 7 ) ) ,  
6 (WAF, COR ( 3 1 9 ) ) ,   ( P 2 1 ,  CON (377)), ( F A N ,   C O H ( l 0 6 1 ) )  

XP1 = P1  
XWAF = WAF 
XHAC = WAC 
X B L F  = B L F  
XBLDU = BLDU 
X H 3  = H 3  
X T 2 1  = T 2 1  
X P 2 1  = P 2 1  
XH21 = H 2 1  
xs21 = s21 
I F  (FAN)  CALL  CODUCT 
I F  ( .NOT. FAN) C A L L   F A S T B K  
RET U R  N 
END 

Function GUESS 

A B C D 4 0 4 7  
ABCDYOll!! 
A B C D 4 0 4 3  
A B C D 4 @ 5 3  
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I F  (H .EQ. 0 )  G U E S S  f V D  * ( ( T  / T D )  * *  1.600) * ( ( D D  / n) ** 
I F  (R .LE. 0 . O R .  R . G T .  9) RErTJRN 
G O   T O  ( 1 ,2 ,3 ,3 ,5 ,6 ,7 ,8 ,9 ) ,  M 
G U E S S  = V D  * ( ( P  / P D )  ** 1 . f 3 D 3 )  * ( ( D L )  / b) ** 0 . 3 3 D O )  
R E T  U R N  
G U E S S  = V U  * ( ( W  / WD) ** 3 . 3 3 D O )  * D D  / D 
R E T U R N  
G U E S S  = V D  * ( ( P  / P D )  ** . 5 D O )  
R E T U R N  
G U E S S  = V D  * ((7 / T D )  ** 1 . 1 D @ )  * ( ( D D  / D )  ** .79C) 
R E T U R N  
G U E S S  = V D  * P / P D  * ( ( D  / D D )  ** 0 . 2 5 D O )  
R E T U R N  
G U E S S  = V D  * ( ( P  / PD) ** 9 . 6 2 D O )  * ( ( D  / D D )  ** 0.  3 1 D O )  
R E T U R N  
G U E S S  = V D  * ( ( T  / T D )  ** 1 . 2 D 3 )  * D D  / D 
R E T U R N  
G U E S S  = VD * P / P D  * ( ( D  / D D )  ** 1 . 5 D O )  
R E T U R N  
E N  D 

1 0 . 5 D O )  

Subroutine INDUMY 

S U B R O U T I N E   I N D U R Y   ( C N I , Z I *   A A C I ,   I D E S )  
I M P L I C I T  R E A L * 8   ( A - H , O - 2 )  
C O H H O N   / C O E D A T /   C O M D  ( 5 4 2 3 )  
DIHENSION c r r x x I ( l s ) ,   - P R X X I ( I S , ~ ~ )   W A C X X I ( ~ ~ , ~ ~ ) ,  E ~ ~ X X I ( I S , I S ) ,  

1 N P T X I  ( 1  5) 
D I M E N S I O N   X C N X X  (15) ,  W A C A R  (15) 
E Q U I V A L E N C E   ( C N X X I ( l ) ,   C 3 r D ( 1 3 3 1 ) ) ,   ( P R X X I ( 1 , 1 ) ,   C O Y D ( 1 3 9 6 ) ) .  

1 ( U A C X X I ( l , l ) ,   C O M D ( 1 6 2 1 ) ) ,   ( E P A X X I ( 1 , l ) .   C O H D ( 1 8 4 6 ) ) .  
2 ( N C N X I ,   C O M D ( 5 3 2 8 )  ) , ( N P T X I   ( 1 )  , COElD ( 5 3 2 9 )  ) 

1 2 . O D 0 ,   3 . O D 0 ,   4 . O D 0 ,   5 . O D 0 ,   6 . O D 0 ,   7 . 0 D 0 ,   9 . O D I ) /  

1 1 . 5 D 0 ,   1 . O D 0 ,   . 8 D O ,   . 6 D O ,   . 4 D O ,   . 2 5 D O ,   . 1 D O ,   . 0 5 D O /  

D A T A   X C N X X  /. O O l D O ,  . I  D O ,   . 2 D 3 ,   . 3 D O ,   . 5 D O   . 8 D O ,  1. O D O ,   1 . 5 D 0 ,  

D A T A   W A C A R   / 5 . O D O ,   4 . 5 D 0 ,   r i . O D 3 ,   3 . 5 D 0 ,   3 . C D 0 ,   2 . 5 D 0 ,   2 . 0 D C ,  

I F  ( I D E S   . N E .  1 )  G O  T O  1 
W A I D S  = W A C 1  
C N I D S  = C N I  
Z I  = 2 . O D O  / 3 . 5 D O  

D O  2 I = 1,15 
N P T X I ( 1 )  = 15 
C N X X I ( 1 )  = X C N X X  (I) * C N I D S  
D O  2 J = 1,15 
P R X X I ( 1 . J )  = P L O A T ( J  + 3 )  / 4 . O D O  
E T A X X I ( 1 , J )  = 1 . O D O  

R E T U R N  
E N D  

1 N C N X I  = 15 

2 U A C X X I  (J ,I)  = Y A C A R  (I) * (. 993D0 + . 0 0 1 D O  * FLOAT ( J ) )  * W A I D S  
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SUBROUTINE  MATRIX ( E , V , A , N )  
I H P L I C I T  REAL*8 (A-H , 0-Z) 
D I M E N S I O J I  E ( 9 , 9 ) ,  V ( 9 ) ,  A ( 9 ) ,  P I V ( l O ) ,   T ( 9 , l Q )  
N N = N + l  
N P I =  N - 1 
DO 1 I = l , N  
T ( 1 , N N )  = A (I) 
DO 1 J = l , N  
T (1,J) = E (1,J) 
DO 7 I = l , N  
TEMP = 0 . 0 D O  
DO 2 J = 1 , N  
IF ( T E M P  .GT. DABS (T ( J , T ) ) )  G O  ro 2 
TEHP = D A B S  (T (J, I) ) 
I P I V  = J 
C O N T I N U E  
I P 1  = I + 1 
DO 3 J = IP1,NN 
P I V ( J )  = T ( I P I V , J )  / T ( I P I V , T )  
I F R O H  = N 
IT3 = N 

EiY = - T ( I F F O ? l , I )  
D O  5 J = I P 1 , N N  
T ( I T 0 , J )  = T ( T F 3 O ? , J )  + ? M  * P I V ( J )  

I F  ( IFFOY .EQ.  ZPIV)  G O  r o  E 

I T 3  = I T 0  - 1 
IFROM = IFhOY - 1 
IF ( I F R O E  .GE. I) G O  r o  Q 
DO 7 J = I F 1  , N N  
T ( 1 , J )  = P I V ( J )  
D O  8 I = 1 , N M  
J =  N N  - I 
K = N - I  

T ( K , N N )  = T ( K , N N )  - T(K,L) * T ( L , L J N )  
DO 9 I = 1,N 
V ( 1 )  = T ( 1 , N N )  
P E E l J R N  
END 

DO a L = J , N  

Subroutine NOZCTR 
SUBROUTINE KOZCTR 
I M P L I C I T  XEAL*8  (A-ij,O-Z) 
R E E U I i N  
EK D 

Subroutine OUTPUT 

SUBROUTINE  OUTPUT 
I a P L I C I T   F E A L * 8   ( A - t i , @ - Z )  
LOGICAL DUPISPL, FXFNZM, FXC2CP, APTFAN, PAL 
C3KRON /COtnALL/ COM ( 1 0 6 2 )  
DIMPNSION W O R D  ( 2 )  

ARCDU 1 5  3 
AE(CD4170 , I 
ABCDQ 1 7  1 
ASCD4 I72 
ABCD4 1 7 3  
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D I M E N S I O N   W ( 6 , 5 ) ,   A W O R D 1 ( 2 ) ,  AWORD2 ( 2 )   A B C D 4   1 7  U 
E Q U I V A L E N C E  (WORD ( I ) ,  COY ( 1 )  1 ,  ( I D E S ,  COM (3) ) ,  ( I D D E ,  COY ( 6 ) ) .  ABCD4 1 7 5  

1 ( I D U B P ,  CON ( 9 )  ) , ( I G A S M X ,  CCM ( 1 0 )  ) , ( I D B U R N ,  COY (1  1 )  ) , ABCD4 1 7 6  
2 ( I A F T B N ,  COM ( 1 2 ) ) .   ( I D S R 3 C ,  C O Y  ( 1 5 ) ) ,   ( I W S H O C ,  CON ( 1 6 ) ) ,  ABCDU 1 7 7  
3 ( L O O P E R ,   C O N   ( 1 9 ) )  , ( T 2 4 ,   C O B   ( 4 2 ) ) ,  (A28, COB (50)  ) , ABCD4 1 7 5  
4 (A28SAV, COM ( 5 1 )  ) ,  ( A 2 0 ,  C O Y  (60)), (A29SAV. COH ( 6 1 ) )  , A B C D 4 1 7 9  
5 (ZP, C O M ( 1 3 6 ) ) ,   ( P C N P ,   C O M ( 1 3 7 ) ) ,  (21, C O M ( 1 3 9 ) ) ,  ABCDQ 18 3 
6 ( P C N I ,   C O M ( 1 4 0 ) ) ,   ( T U ,   C O N ( 1 5 5 ) ) ,   ( E T A R ,   C O M ( 1 8 7 ) ) ,  ABCDU 181 
7 (AX, C O M ( 1 9 5 ) ) ,   ( A L T P .   C 3 ! 1 ( 1 9 6 ) ) ,   ( S F C ,   C O N ( 2 4 8 ) ) .  ABCDQ 1 g 2  
8 ( F G ,  COW ( 2 5 7 ) ) ,  (PN, C O N ( 2 5 8 ) ) .   ( Z C ,   C 0 ? 1 ( 3 0 0 ) ) ,   ( P C H C ,   C 3 H ( 3 0 1 ) ) , A B C D U 1 8 3  
9 ( P C B L I D ,  COY ( 3 0 5 ) ) ,  ( T 7 ,  20M ( 3 4 3 ) ) ,  ( A 8 ,  C O B ( 3 4 6 ) )  , 
1 ( A 8 S A V .  C O H ( 3 4 7 ) ) ,  (A9,  C O E ( 3 5 6 ) ) ,   ( A g S A V ,   C O f l ( 3 5 7 ) ) ,  
2 ( T I M E ,  C O I  ( 9 9 3 )  ) , ( T P R I N T ,  CON ( 9 9 5 )  ) , ( D T P R N T ,  COY ( 9 9 7 )  ) , 
3 ( I S P O O L ,  COY ( 1 0 4 4 )  ) , (ITRAP, Z3M (1 0 4 9 )  ) , ( I A M T R X ,  COM ( 1 0 5 4 ) ) ,  
4 (DUIYSPL, COM ( 1 0 5 7 )  ) , (FXFN211,  CON ( 1 0 5 8 )  ) , ( F X N Z C P ,  C 3 M  ( 1 0 5 9 )  1 ,  
5 ( A F T F A N ,  COY ( 1 0 6 0 ) ) ,   ( F A N ,  COT ( 1 0 6 1 ) )  

DATA  AWORDl,   AWORD2  /4HOUTP,  QHUT , LIHCOIM,  4HQN / 
DATA W / 4 H S U B S ,   U H O N I C ,  4 H  C-D, 4 H  NOZ, 4 H Z L E  4 H  8 

1 4 H S H O C ,  4 H K  I N ,  Q H S I D E ,  4H C-D, 4H NOZ,  4 H Z L E  , 
2 4 H S H i ) C .  4 H K  OU, L I H T S I D ,  4 i I E  C-, 4 H D  N O ,  Q H Z Z L E ,  
3 4HSUEcS, U H O N I C ,  4 H  CON, IIIiVERG, 4fI. NO, Q H Z Z L E ,  
4 LIHSONI,  4 H C   C O ,  1 H N V E R ,  4HC;ENT. 4H NOZ, 4 H Z L E  / 

I F  ( I A M T R X  .ZQ. 1 .AND. I T P A N  .EQ. 1 )  GO T O  24  
T P R I N T  = T P R I N T  + D T P R N T  
I F   ( I T R A N  .EQ. 1 )  WRTTE ( 6 , 2 9 )   T I M E  
W O R D  ( 1 )  = AWORDl ( 1 )  
W O R D ( 2 )  = AWORDl ( 2 )  
I F  ( I D B U R N   . G T .  0) G O  TO 2 
I F  ( I A P T B N   . G T .  0)  GO ‘ I O  1 

G O  T O  3 

GO T O  3 

w E I r E   ( 6 . 7 )  W O H D , A M , A L T P , T ~ , E T A R  

1 W R I T E  (6,8) W O R D , A I , A L T P , T L I , T 7 , E T A R  

2 W R I T E   ( 6 , 9 )  WORD,AM,ALTP,I!4,T24,ETAR 
3 I F  ( F X P N 2 1 )   W R I T E   ( 6 , 1 7 )  

IF ( F X N 2 C P )   W R I T E   ( 6 , 1 8 )  
I F  ( F A N )  GO T O  25 
W R I T E   ( 6 , 2 6 )   I S P O O L  
GO T O  27 

2 5, I P  ( .NOT.  FXFNZY . A N D .  ( . N 3 T .   F X M 2 Z P )  . A N D .  ( - N O T .   D ’ J Y S P L ) )  
1 W R I T E .   ( 6 , 1 9 )  

I F  ( D U B S P L )   W R I T E   ( 5 , 2 3 )  
I F  ( P C B L I D  .EQ. 0 - O D O )   W R I T E  (5 ,20 )  
I F  ( P C B L T D   . E Q .  O.ODO . A N D .  AFTFAW) WRIT? ( 6 , 2 1 )  
I F  ( P C B L I D  .NE. O.OD0 . A N D .  A P F F A N )   W R I T E  ( 6 , 2 2 )  

2 7   C A L L   C O N O U T   ( 2 )  
W R I T E   ( 6 , l O )  ( W  ( 1 , I f l S H O C )   , I = 1 , 6 )   , F G , F N , S P C  
I F  ( I G A S H X   . G T .  0 .OR. .NOT.  PAN) G O  T O  4 
i i R I T E   ( 6 . 1 1 )   ( W ( I , I D S H O C ) , I = 1 , 6 )  

I F  ( I D E S   . N E .  1)  GO T O  5 
W O R D ( 1 )  = A W O R D 2 ( 1 )  
W O R D ( 2 )  = AWORDZ ( 2 )  

4 W R I T E   ( 6 , 1 2 )   L O O P E R  

W R I T E   ( 6 , 1 3 )  WOBD,ZF,PCNP,ZI,P3NI,ZC,PCNC,T4,MODE 

ABCDI) 1 8 4  
P.BCD4 1 9 5  
ABCD4 185 
A E C D 4   1 3 7  
T!BCD41@’! 
A B C D u l S 9  
A E C D 4   1 9  3 
ABCD4 191  
ABCD4 1 9  2 
ABCDY 1 9 3  
kEjCD4 1 9 %  
YBCDLI 1 9 5  
ABCD4 1 9  5 
A P C D 4  1 9 7  
ABCDli lo 9 
AECDLI 1 3 3  
ABCT)U2f!0 
ABCDU 20 1 
A P C D 4 2 C 2  
A 3 C n 4 2 0 3  
ABCD4 2 0 4  
ADCDU 2 9 5 ,  
A 3 C D 4 2 3 5  
A H C D 4 2 D 7  
ABCD’12@? 
A B C D 4 2 C 9  
A R C D 4 2 1 3  
ABCTIQ211 
ARCDU 2 7  2 
ARCi)U 2 1  3 
A E C D 4 2 1 4  
ABCDk 2 1 E 
A B C D 4 2 1 5  
A9CDU 21 7 
ABCUL! 2 1  3 
AFCDU 2 1  3 
A a C D 4 2 2 3  
A I 3 C D 4 2 2 1  
F . 3 C D 9 2 2 2  
A B C D 9 2 2 3  
A i 3 C D 4 2 2 3  
P 9 C D 1 ’ 2 2 5  
AECDL1225 
A e C D 4  2 2 7  
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24 
5 

6 

C 
C 
C 
7 

8 

5 

10 

11 
1 2  
13 
1 4  
15 
15 
17 

l e  

1 9  
20  
21 
2 2  
23 
2 6  
2 9  

WRITE ( 6   1 4 )  
WRITE ( 6 , 1 5 )   ( C C M ( 1 )  , I = 3 3 , 3 3 4 )  
WRITE ( 6 , 1 4 )  
WRITE ( 6 , 1 5 )  DUMSPL,  FXFN2M, FXMZCP,  AFTFAN, FAN 
WRITE ( 6 , 1 4 )  
WRITE ( 6  , 1 6 )  
I F  (IDES .EQ. 1) GO TO 6 
A8 = A8SAV 
A9 = A9SAV 
A28 = A28SAV 
A29 = A29SAV 
I F  (IDUPIP .NE. 2 )  G O  T O  6 
WRITE (6,16) 
C A L L  S Y G  ( 2 )  
CALL ENGBAL 
RETURN 

F3RHAT ( 1 H  , A4,  A2, 14X, 7H A M = ,  P7.3, 6X, 7 H  ALTP=, F7.0, 
1 6X, 7H T4=,  Ff3.2, 2 5 x 8  7H ETAR=, F 7 . 4 )  

F3RHAT (1H , A4,  A2, 1 4 X ,  7H A M = ,  F7.3,  6X, 7H ALTP=, P7.0, 
1 6 X ,  7 H  T4= ,   F8 .2 ,  5X, 7 H  T 7 = ,   F 8 . 2 ,  5 X ,  7H ETAR=, P7.4) 

FORMAT (1H , A4,  A2,  14X, 7H A M - ,  F7.3,   6X, 7A ALTP=, F7.0, 
1 6 X ,  7H T4=,   F8.2,  5X, 7H r 2 4 = ,   F 8 . 2 ,  5X, 7H ETAR=, F7.4) 

FOEMAT (1H0, 5 H M A I N  , 6A4,  9X,  3HFG=,  F9.2, 1 @ X ,  3HPN=,  P9.2,  
1 18X, 4HSFC=,   F8 .5)  

FORMAT (6H DUCT ,6A4)  
F3R8AT  (16HOCONVERGED  AFTER,I&,SH  LOOPS,/ , lHl) 
FORMAT ( 1 H  , A 4 , A 2 , 9 X , 7 E 1 5 . 6 , 1 4 )  
FORMAT ( 1 H  ) 
POEMAT ( 1 H  , 8 2 1 5 . 6 )  
FORMAT (1H1) 
F3RRAT  (51HOPAN A N D  MIDDLE SPOOL A R E  ATTACHED , USE INNER A N D  , 
FORMAT (49HOMIDDLE A N D  COMPRESSOR SPOOLS ARE ATTACHED 8 DSE , 
FORMAT (19HOTHREE SPOOL ENGINE) 
FOREAT (21HONO  AIRFLOW I N T 3  WINS) 
FORMAT ( 1 H + , 2 2 X , 1 4 9 ,  AFT-TURBOFAN) 
FORMAT (14HO AFT-TURBOFAN) 
F3RMAT (22HOYIDDLE SPOOL I S  DUMMY) 
FORMAT(1HO,I4,15H SPOOL TURBOJET) 
FORMAT(1H1,20X,7H  TIME=,F7.4)  
EN D 

1 I4HOUTER  TURBINES) 

1 25HMIDDLE A N D  OUTER TUKBINES) 

Subroutine PARAE30 

SUEROUTINE PARABO (X,Y,XD,YANS) 
I M P L I C I T  REAL*8 ( A - H ,  0 - Z )  
DIHENSION  X(3) , Y ( 3 )  
X1M2 = X ( 1 )  - X ( 2 )  
X l H 3  = X ( 1 )  - X ( 3 )  
X2Hl = X ( 2 )  - X (  1) 

ABCD4228 
ABCD4220 
ABCD4233 
ABCD4231 
A BCDU 2 3  2 
ABCD4233 
ABCD4 2 3 4  
ABCD4235 
ABCDQ235 
ARCD4237 
ABCD4235 
ABCD4230 
ABCDY240 
ABCD4241 
ABCD4242 
ABCD4243 
ABCDU244 
ABCD4245 
ABCDu245 
ABCD4247 
ABCD4 24  9 
ABCD42U9 
ABCDB 253 
ARCD4251 
ABCD4252 
ABCD4253 
ABCD4254 
ABCDU255 
ABCD4256 
AEC34257 
AECD4258 
ABCDU259 
BBCD4 2 5  3 
ABCD4261 
ABCD42E2 
ABCD42E3 
AECD4 2 6  9 
ABCD4265 
AECDLl26 6 
ABCD4267 
ABCD425 9 
ABCD4269 
ABCD4270 
A BC34 27 1 
ABCD4 2 7  2 

ARCD4273 
ABCDU271 
ABCD4275 
ABCDY276 
AACD4277 
ABCD427B 
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X2H3 = X ( 2 )  - X(3) AFCD'l273 
X3H2 = X ( 3 )  - X (2)  ABCD4280 
XlSQ = X ( 1 )  * X ( l )  ABCD4 25 1 
X2SQ = X(2) * X ( 2 )  4 8 C D u  2 F 2  
X3SQ = X ( 3 )  * X(3) .43CD4 293  
Y1M2 = Y(1) - Y(2) ABCDG?FU 
Y 1 M 3  = Y (1 )  - Y(3) ALCDU 235 
A = (X1M2 * Y l H 3  - X 1 M 3  * P1M2) / X1M2 / X1M3 / 5 3 9 2  ABCD42R5 
B = ( ( X l S Q  - X2SQ) * Y1M3 - (XlSQ - X3SQ) * Y1M2) / X1M2 / XlM3 / A9Cr)L1?97 

1 X2H3 PBCDu299 
D = ( T ( 1 )  * X2SQ - Y(2) * X1S2 - B * X(2) * X ( l )  * X2M1) / (X2SQ ABCDLJ209 

1 - XlSQ)  kBCD4233 
YANS = ( A  * X D  + B) * X D  + D ABCDQ291 
RETURN 
END 

ABClt12?2 
ARCDa293 

Subroutine PERF 

SUBROUTINE PERF kBC')U 23 9 
IHPLICIT REAL*8 (A-H,O-2)  hi3CD3295 
LOGICAL S I ,  DUMSPL, AFTFAN, FAN ABCDU29 5 
COHHON /COHALL/ COH ( 1 0 6 2 )  ABCD4297 
DIHENSION WORD(2) ABCD4 23 3 
DIMENSION AWORD (2 )  ASCD42?9 
EQUIVALENCE (WORD( 11, 'Con ( 1) ) , ( IDES,  COP! (3 )  ) , (IGASNX, CON (10 )  ) , k B C D 4 3 C 7  

1 (P I ,   COM(33) ) ,   (A29 ,   COM(So) ) ,   (V29 ,   CON(63) ) .   (PS29 ,   C3Y(65) ) ,  ABCD'J331 
2 (WAD, COH (71)  ),  (WFD, COM ( 7 2 ) ) ,  ( P C N I ,  CON ( 1 4 0 ) ) ,  A B C D U 3 C 2  
3 (WFB, COM(192)) .   (CS,   COY(194)) .  ( A N ,  C O W ( 1 9 5 ) ) ,  AECD'J3n3 
4 (WG37, C O H  (210) ) ,   (A39 ,   COM(213) ) ,   (V39 ,   COM(221) )  , A B C D Q  30v 
5 (PS39 ,  COH ( 2 2 6 )  ) , (PGMYNG, COY ( 2 3 0 )  ) , (PGPWNG, C O Y  ( 2 3 1 )  ) , ABCD4 305 
6 (FNWING, COR ( 2 3 2 )  ) , (FNMAIN, COM ( 2 3 3 )  ) , (FWOVFN, COM ( 2 3 4 )  ) , AECD'J335 
7 (DELFG, COM ( 2 3 6 ) ) ,  (DELFN, COY ( 2 3 7 )  ) , (DELSFC, COY ( 2 3 8 )  ) , ABCD4307 
8 (CVDWNG, COY(239) ) .  (CVDN3Z, , 3 H ( 2 4 0 ) ) ,  (CVMNOZ,  COM ( 2 4 1 )  ) ,  A B C D U  309 
9 (VA, COH (242)  ) , (VJD,  COH(243) ) , (VJW, CON ( 2 4 4 ) ) ,  ABCD4309 
1 (VJH, COM ( 2 4 5 ) ) ,  (WFT, C3?l ( 2 4 6 ) ) ,  (WGT, COM ( 2 4 7 ) ) ,  ABCD4310 
2 (SFC, COR ( 2 4 8 ) ) ,  ( T P A R ,  COM ( 2 4 3 ) ) ,  (FRD, CON ( 2 5 0 )  ) , A B C D 4  31 1 
3 (FGMD, COH ( 2 5 1 ) ) .  (PGMM, COM (252)  ) , (PGPD, COY ( 2 5 3 ) )  , ABCDh312 
4 (PGPR, COH ( 2 5 4 )  ) , (FGM, COM(255) ) , (FGP, COM ( 2 5 6 ) )  , ABCD4313 
5 (FG, COH (257)  ), (FN, C o H ( 2 5 8 ) ) ,  (FFOVFN, 2 O M ( 2 5 9 ) ) ,  .4 BC D 4 3 1 11 
6 (FCOVFN, C O Y ( 2 6 0 ) ) ,  (FVNOFN, = 0 1 ( 2 6 1 ) ) ,  (FNOVFD, COY ( 2 6 2 ) ) ,  ARCDL! 3 1 5  
7 (HA32, COM (271)  ) , (PCBLID, COH ( 3 0 5 )  ) , (CNI, COM ( 3 0 3 )  ) , A E C D Q  31 6 
8 (WAI, COH(311) ) .  (BLOB, C 3 \ ( 3 1 8 ) ) ,  (WAF, C011(319) ) ,  ABCDY317 
9 (YG24, COM ( 3 2 1 )  ) , (WG7, COM ( 3 3 4 ) ) ,  (A9, COM ( 3 5 6 )  ) , A B C D U  31 3 
1 (PS9, COR ( 3 5 9 ) ) .  (V9, CON ( 3 6 0 )  ) ,  (WFA, C O H  ( 3 6 8 ) )  ABCD4 31 0 

E Q U I V A L E N C E  (TIME, COM ( 9 9 3 ) ) ,  ( T P R I N T ,  COH (996)  ) , AECD4323 
1 ( I T R A N ,  COM(1049) ) ,  ( S I ,  C O C ? ( l 0 5 5 ) ) ,  (DUMSPL, C O H ( 1 0 5 7 ) ) ,  A9CD4 32 1 
2 (AFTFAN, COM(1060)).  (FAN, CDY(1061))  ABCD4322 

D A T A  A W O R D  /4A PE, 4HRF / A9CD4323 
UORD(1) = AWORD( 1) ABCD9 3 2 4 
W O E D ( 2 )  = AWORD(2) ABCD4325 
I F  (SI) GO T O  100 ABCD'4323 
G = 32.174049DO ABCD4327 
CAPSF = 2116.2170DO  A9CD4325 
G O  TO 101 ABCD4323 
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1 

1 0 0  G = 1 . O D O  

101  WPT = WFB + WFD + WFA 
CAPSF = 1.ODO 

WAT = WAF - B L O B  
I F  (AFTFAN) WAT = WAT + W A I  
WGT = WAT + UFT 
TFAR = WFT / WAT 
V A  = A H  * CS 
FRD = VA * WAF / G 
I F  (AFTFAN) FRD = FRD + V A  * W A I  / G 
V J M  = CVMNOZ * V9 
FGUM = V J N  * WG7 / G 
FGPZl = CAPSP * ( P S 9  - P I )  * A0 
I F  (IGASPIX .GT. 0 .OR. . N O T .  FAN) G O  T O  1 
V J D  = CVDNOZ * V29 
FGMD = V J D  * UG24 / G 
FGPD = CBPSF * ( P S 2 9  - P I )  * A29 
V J W  = O . C D O  
FGRWNG = O . O D O  
FGPGING = O.ODO 
FGWING = G . O D O  
PNWING = 0,ODo 
I F  (PCBLID .EQ, G . C ) D O )  G D  T'3 2 
V J W  = C V D W N G  * V39 
FGlYWNG = V J W  * WG37 / G 
FGPVNG = CAPSF * (P.539 - P I )  * A33 
FGvlING = FGEUNG + FGPUNG 
FNWING = FGWING - V A  * WA32 / S 

2 PGPI 1 = FGRY + FGMD 
PGM = FGfi1 + FGMWNG 
FGPI = FGPM + FGPD 
FGP = FGPl  + FGPWNG 
FNBAIY = FGMl + FGPl - V A  * ( W I P  - Wz132) / G 
I F  (APTPAN)  FNYAIN = F N M A I N  - V A  * W A I  / G 
FG = FGY + FGP 
FN = FG - FRD 
SFC = 3600.ODO * WF'T / FN 
Fti = D E L P G  * FG 
FN = D E L F N  * FN 
SFC = DELSPC * SFC 
FFAN = FGMD + FCPD - VB * 3P.D / G 
FC3RE = FNMAIN - FPAW 
FFOVFW = PFAN / FV 
FCOVFN = FCOFE / FN 
FUOVFN = FNWING / FN 
FYNOFN = FNKAIN / FN 
I F  ( I D E S  .EQ. 1)  FDFS = FN 
FML)VFD = r"N / FDES 
I F  (.NOT. DIJIYSPL) G O  T C  3 
PCNI = 1 . 3 D O  
C N I  = C . O D O  

C A L L  OUTPIJT 
C A L L  E K A O B  
FETUEN 
E N D  

3 112 ( I T E B N  .LQ. 1 . A M C .  T r y ?  .LT. T P F I v r )  C A L L  E N G B A L  

ABCD4330 
ABCD4331 
A3CD4332 
ABCD4 33 3 
ABCD4339 
ABCD4335 
ABCD43-36 
A R C D 4  3 3  7 
ABCD4338 
ARC94333 
ABCDu343 
ABCDlr 34 1 
ABCD4342 
ABCD4 3/43 
F.BCD4349 
A!3CD4?45 
AECD!! 3') f 
A B C D k  3 4 7  
ASCDU 3U 3 
ABCD43U3 
BBCDrt353 
ABCD435 1 
ABCD4 3 5 2  
ABCP(i353 
ABCD4754 
ABCD4355 
FBCD435" 
A B C D 4 3 5 7  
A6CD435" 
ASC3L1359 
AErD4353 
ASCD4361 
RBCD4 35 2 
A3C34 3 6 3  
l B C D 4 3 C ' J  
ASC94 3F. 3 
P.BCQU25f; 
4 9 C D 4 3 F . 7  
I B C D ' ,  3E 3 
ARCP'I.3'3 
A 3 C D 4 2 7 c J  
ABSDQ371 
R 9 C D u  3 7 2  
AdCDL1373 
nECD4371 
ARCDU375 
AECDU376 
SEPD4377 
ABCD4?7P 
A9CDu37.1 
ASCD43PC 
AEc'D3381 
AUCDk392 
A X 3 4  3 9 3 
P. RCDQ 3 3 7 
ASC04335 
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Subroutine PROCOM 

SUBROUTINE PROCOM (FARX8TEX,CSEX,AKEX,CPEX8REX,PHI,HEX) P 3cnq 335 

LOGICAL S I  43CDU 30 3 
COMHON /COMALL/ COM ( 1 0 6 2 )  A ? C 9 [ !  ? P ?  
EQUIVALENCE ( S I 8  COM ( 1 0 5 5 )  ) A9C943?:! 

AqCDe.351 
I F  (SI) T E X  = TEX * 9.ODO / 5.ODO h 9 C 3 1 r 3 ? 2  
IF (PARX .GT. .067623DO) FARX = .367623D0 ABCD43'3 
IF (TEX .LT.  300.ODO) TEX = 300.ODO liBCD4357 
I F  (TEX .GT. 4000.ODrl)) TEX = 4000.ODO  A9CD4335 
I F  (FARX .LT. O.OD0) PARX = O . D D O  P.9CDQ 3 9 5  

C AIR PATH A B C 3 4 3 9 7  

1 7 .02157670-18)  * TEX - 1.5128259D-14)  * TEX - 6.7175376D-12)  * 33C3134332 
2 T E X  + 6.5519486D-08)  * TEX - 5.1535879D-05)  * TEX + 2 . 5 0 2 0 0 " 1 ~ - 0 1 A ~ { C 3 4 ~ ? 3  

HEA = ( ( (  ( (  ( (1 .2644425D-26  * T E X  - 2.0752522D-22) * T E X  + A 3 C D u  1' 9 1  
1 1.270263D-18) * TEX - 3.025€518D-15)  * TEX - 1.6794594D-12)  * 
2 T E X  + 2.1839826D-08) * TEX - 2.576844D-C5) * T E X  + 

?.3CDC u3:! 
F B C 3 L l l l C ?  

3 2.5020051D-C1) * TEK - 1 . 7 5 5 8 8 8 6 D t 0 0  F 5 C D l i U O l  
SEA = 2.5020051D-01 * D L O G ( T E X )  + ( ( ( ( (  (1 .4450767D-25 * TEX - r!bCi)U''?C 

1 2 .4211288D-22)  * TEX t 1.5243153D-18)  * T E X  - 3.792364RD-15) * ABCr ) l ' LC ;  
2 T E X  - 2.239279D-12) * TEX + 3.2759743D-09) * TEX - F . E ? 3 9 4 3 ?  
3 5.1576879D-05)  * T E X  + 4 .543230-02  A E C D u  (LPa 

I F  (PARX . L E .  O.OD0) G O  T3 5 F B C 3 4 ' l ? ?  
C FUEL/AIB PATH ABCU"I1: 1 2  

IMPLICIT REAL*8 (A-H,O-Z) A P C P L  367 

C I F  S I  UNITS A R E  USED, CONVERT ?EX T O  DEGREES P A H K I N E  

CPA = ( ( ( ( ( ( 1 . 0 1 1 5 5 4 ~ - 2 5  * T E X  - 1 . 4 5 2 ~ 7 7 ~ - 2 1 )  * rsx + ABCDL394 

CPF = ( ( (  ( (  (7 .25737 lD-25  * T F X  - 1. 3335668D-20) * TEX + A 3 C D U  1 
1 1.0212913D-16) * TEX - 4.2051104D-13)  * T E X  + 9 . 9 6 8 5 7 9 3 D - l n )  * A F C r ) ' J L ! l ?  

1 1.7021525D-17) * T E X  - P.4102208D-14)  * TEX + 2.G9215'38C-10) * 
2 TEX - U.5906332D-07) * TZX + 6.  129315G-04) * TEX t 
3 7.3816638D-02)  * TEX + 3 .@5@153D+01  

1 2.222611tiD-21) * TEX + 2 .04258260-17)  * TEX - 1.9512-i760-13)  * 
2 TEX + 3.3228928D-1C) * TEX - 5 . 8 8 5 0 5 0 5 D - ~ 7 )  * T E X  + 
3 1.225863D-03)  * TEX + 6.493399D-01 

S E F  = 7 . 3 8 1 6 6 3 8 ~ - 0 2  * D L O S ( T E X )  + ( ( ( ( ( ( 1 . 0 ? ~ 2 6 7 D - 2 5  * rEY - 

5 C P E X  = (CPA + FAIlX * CPF) / (1 .  CDO + FAFX) 
H E X  = ( B E A  + FARX * HEF) / (1.3DG + FARX) 
P H I  = (SEA + FARX * SEF) / ( 1  .OD0 + FAFX) 
A M W  = 28.97D0 - .346186DO * PARX 
REX = 1.986375DO / A M W  
A K E X  = C P E X  / (CPEX - R E X )  
C S E X  = D S Q R T ( A K E X  * R E X  * r%x * 2 5 0 3 1 . 3 7 ~ 0 )  
IF (.NOT. SI) RETUBN 
C P E X  = CPEX * 4185.7666DO 
HEY = HEX * 2325.4259DO 
PHI = PHI * 4185.7666D0 
REX = REX * 4185.7666DO 
CSEX = CSEX * .3048DO 
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Subroutine PUTIN 

S U B F O U T I h E   P I J T I N  
T Y P L I C I T   R E A L * R   ( A - H , O - Z )  
L Q S I C A L  S I ,  EERE!?, DLIMSPL, F X F N 2 7 ,   F I M 2 C P ,   A F T F A N ,  FAN 
C 3 C M O N  / C O Y A L L /   C O N   ( 1 0 6 2 )  
E i M E N S I U L   W 3 R D ( 2 ) ,   T I M S P T ( 5 0 )  
D T M E & S I O N   X S A V E   ( 3 9 6 )  , AWOiiD ( 2 )  
E 3 [ J I V A L L N C b   ( W O R D ( l ) ,   C O ? ( l ) ) ,  (InZS, C O M ( 3 ) ) ,   ( M 3 D E ,   C 0 8   ( 6 ) ) ,  

1 ( I K I T ,   C O H ( i ) ) ,   ( I D U M P ,  C O X ( ? ) ) ,  ( I A l r T P ,  CON ( 9 ) ) ,  
2 ( I G A S R X ,  COM ( I O ) ) ,  ( I 3 R I I R N ,  ZOM ( l l ) ) ,   ( I A F T R H ,  COM ( 1 2 ) ) ,  
3 ( I D C D ,  CO!? ( 1 3 ) )  , ( I P l C D ,  COM ( 1 4 ) )   ( N O Z F L T ,  COM ( 1 7 ) ) ,  
4 ( I T R Y S ,   C O M ( 1 e )  ) , ( T O L A L L ,  COM ( 2 3 )  ) , ( A P l 2 3 ,   C G M ( 3 5 ) )  , 
5 (12L1,  COM (42)), ( A 2 E ,  COY ( 5 0 ) ) ,  (ETP-D,  COB ( 7 3 ) ) ,  
6 (DPDUDS,   COY (75 )  ) , ( T 2 ,  C O M ( 9 2 )  ) , ( P 2 ,  COM ( 9 3 )  ) , 
7 ( T 4 D S .  COY ( l O I ) ) ,  (hY55, COM ( 1 3 7 ) ) ,   ( P S 5 5 ,   C O M ( 1 1 0 )  j , 
b ( T F H P D S ,   C O ? r ( 1 1 8 ) ) ,   ( C X H P D S ,   Z o ? l ( l l s ) ) ,   ( E T ! I P D S ,   Z O ? l ( 1 2 0 ) ) ,  
9 ( P C N F D S ,  C O P l ( l i 4 ) ) ,  ( P R F D S ,   C O ’ l ( 1 2 5 ) ) ,   ( E T A P D S ,   C O N ( 1 2 6 ) ) ,  
1 ( H P E X T ,   C o M ( 1 2 9 ) ) ,   ( W A C C D S ,   C 3 Y ( 1 3 0 ) ) ,   ( Z Z D S ,   C O M ( 1 3 3 ) ) ,  
2 ( U A F C ,   C O ? l ( 1 3 5 ) ) ,   ( P C N E ,   C O E ( l 3 7 ) ) ,   ( P C B L F ,   C O M ( 1 3 9 ) ) ,  
3 ( Z I D S ,   C O M ( 1 4 G ) ) ,   ( P C N I D S .   C 3 ! l ( 1 4 7 ) ) ,   ( T 4 ,   C O Y ( 1 5 6 ) ) .  
4 ( P C B L H P ,  COY ( 1 6 6 )  ) , ( P C B L I P ,  Z 3 Y  ( 1  67)  ) , ( P C B L L P ,  COY ( 1  68)  ) , 
b ( E T A I D S ,   C O M ( 1 8 1 ) ) ,   ( W A I Z D S ,   2 O Y ( 1 8 3 ) ) ,   ( E T A R D S ,  COY ( 1 8 4 )  ) , 
7 ( W F B O S ,  C O M ( 1 8 5 ) ) ,   ( Z F D S ,   C 0 3 ( 1 8 6 ) ) ,   ( E T B R ,   C O M ( 1 8 7 )  ),  

5 ( P C B L D U ,  C O M  ( 1 6 9 ) ) ~   ( P c a L o B ,   c o n ( 1 7 0 ) ) ,   ( P R I D S ,  con ( 1 9 0 ) )  , 

A i 3 C D t 4 3 S  
ABCDrgll30 
A B C D 4 4 3 7  

Ai)CDLto3Y 
A B C D 4 4 3 3  
A 3 C 3 4  4 4 0  
A B C D 4 4 4 1  
ABCDrf 4 4 2  
A B C D U 4 4 3  
ABCD4 4% 7 
ABCDL14rJ5 
A B C 3 u 4 4 5  
A B C D 4 4 4  7 
ABCD4 4 Q 

ABCDLI 4 4  3 
P . B C D 4 u 5 3  
A B C D 4 4 5 1  
A B C D 4 9 5 2  
A B C D 4 Q 5 3  
A B C D 4 4 5 9  
A B C D 4 4 5 5  
A B C D 4 0 5 5  
A B C D 4 4 5 7  
A B C D 4 4 5 p  
ABCDYU53 
A B C D 4 4 3 3  

E: ( W F B , C O ! l ( 1 9 2 ) ) .   ( A Y , C O Y   ( 1 3 5 ) ) ,   ( A L r P , C O Y  ( 1 9 E ) ) ,  ( D P C 3 D S , C O N ( 1 9 7 ) )   , A B C D 4 4 6 1  
9 (A38, CON ( 2 1  1 ) )  , ( D P W G D S ,   C O M ( 2 3 5 )  ) , ( D E L F G ,   C 0 1 “ . ( 2 3 6 ) ) ,   A B C D 4 . Q E 2  
1 ( D E L P N ,  COM ( 2 3 7 ) ) ,  (DELSPC, CON ( 2 3 8 ) ) ,  (CVDWNG, COM ( 2 3 9 ) )   A B C D 4 u 6 3  

E Q [ J I V A L E K C s   ( C V D M O Z ,  COY ( 2 4 C )  ) , (CVMNOZ,  CON ( 2 4 1 )  ) , A B C D l t 4 5 4  
1 ( T F L P D S ,  COX ( 2 7 5 ) ) ,   ( C N L P D S ,  COP! ( 2 7 6 )  ) , ( E T L P D S ,   C o n   ( 2 7 7 )  ) ,  A B C D Y b 5 5  
2 (Z’FIPDS, COM ( 2 7 8 ) ) ,   ( C N I P D S ,  C 3 M  ( 2 7 9 )  ) , ( E T I P D S ,  COY ( 2 8 0 )  ) , A B C D Y 4 5 E  
3 ( P R C D S ,  COM ( 2 9 7 )  ) , ( E T A C D S ,  C 3 r I  ( 2 9 8 )  ) , ( P C N C ,  COP! ( 3 0 1 )  ) , ABCDL! 4 5 7 
4 ( P C B L C ,   C O M ( 3 @ 2 ) ) ,   ( P C N C C S ,  Con ( 3 0 3 ) ) ,   ( P C E L I ,  COY ( 3 0 4 ) ) ,   A B C D 4 4 6 8  
5 ( P C B L I D ,  CON ( 3 0 5 )  ) , (WACI,   CDS ( 3 1  P) ) , (WACC, COM ( 3 2 0 )  ) , A B C D 4 4 6 9  
6 ( A N 6 ,   C O Y   ( 3 2 7 ) ) ,  ( A 6 ,  C O M ( 3 2 8 ) ) ,   ( T T D S ,   C O N ( 3 4 2 ) ) ,   A B C D Q 4 7 3  
7 (r7, CON ( 3 4 3 )  ) , (A8, C O f l ( 3 4 6 ) ) ,   ( E T A A D S ,  COY ( 3 6 6 ) )  , A B C D 4 4 7 1  
d ( D P A F D S ,   C @ H   ( 3 6 7 ) ) ,  (WFA, COY ( 3 6 8 )  ) , ( E T B B ,  COY (369) ) , A B C 9 4 4 7 2  
9 ( V P A N ,  COP! ( 3 9 5 )  ) , ( V I N T C ,   C O R ( 3 9 6 )  ) , ( V C O N P ,  COP! (397) ) , A B C D 4 4 7 3  
1 (VCOMB, C O M ( 3 9 8 ) ) ,   ( V H P T B B ,  COY ( 3 9 9 ) ) ,   ( V I P T E B ,   C O N ( 4 0 0 ) ) ,   A B C D 4 4 7 4  
2 ( V L P T R B ,  CON ( 4 0 1 ) ) ,   ( V A F I B N ,   C O M ( 4 0 2 )  ) ,  (VFDUCT,  COH ( 4 0 3 )  ) ,  A B C D 4 4 7 5  
3 (VWDUCT, COM ( k 0 4 ) ) ,  (XNHPDS,  C3M ( 4 2 3 ) ) ,  (XNIPDS, COY ( 4 2 4 )  ) , A B C D 4 4 7 6  
4 ( K N L P D S ,   C O N   ( 4 2 5 ) ) ,   ( P ‘ I I H P ,  COY ( 4 2 6 ) )  , (PMIIP, COM ( 4 2 7 ) ) ,  ABCDld 4 77 
5 ( P M I L P ,   C O P i ( 1 4 2 8 ) ) ,   ( D E L T 1 ,  CON ( 4 2 9 )  ) , ( T I M E P T   ( I ) ,  CDFI ( 9 4 1 )  ) , A B C D 4 4 7 8  
6 ( P R F N E W ,   C O a   ( 9 9 1 ) ) ,   ( P R C N E W ,  ,OM ( 9 9 2 ) ) ,   ( T I M E ,  CON ( 9 9 3 ) )  , J B C D 4 4 7 9  
7 (DT,  C O M ( 9 9 4 ) ) ,   ( T P ,   C O M ( 9 9 5 ) ) ,   ( T P R I N T ,   C O M ( 9 9 6 ) )  , A B C D 4 4 3 3  
8 ( D T P R N T ,  COY (997 )  ) , ( I S P 3 3 L ,  :OM ( 1 0 4 4 )  ) , (KKGO, COM ( 1 0 4 8 )  ) , A B C D 4 4 8 1  
9 ( I T R A N ,   C O M ( 1 0 4 9 ) ) ,   ( J T R A N ,   C 3 5  ( 1 0 5 0 ) ) ,  (NSTEP, C O V ( 1 0 5 1 )  ) ,  A B C D 4 4 8 2  
1 ( I A H T R X ,   C O N ( 1 0 5 4 ) ) ,  ( S I ,  C O N ( 1 0 5 5 ) ) ,  ( E B R E R ,   C O M ( 1 0 5 5 ) )   A B C D 4 4 8 3  

E Q U I V A L E N C E   ( D U M S P L ,   C O N ( 1 0 5 7 ) ) ,  (FXFN2M, C O M ( 1 0 5 8 ) )  A B C D 4 4 8 4  
1 ( F X I I Z C P ,   C G M ( 1 0 5 9 ) ) ,   ( A P T F A N ,   C O M ( 1 0 6 0 ) ) ,  (FAN, C O M ( 1 0 6 1 ) ) ,   A 3 C D 4 4 9 5  
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2 (WAFCDS,   COB (1062)  ) 
DATA  AWORD / 4 A P U T I ,  4 H N  / 

C *** I D E S  =1 F O R   C A L C U L A T I N G   D E S I G N   P O I N T  
C *** MODE = O  FOR  CONSTANT T 4  
C *** MODE =1 FOR  CONSTANT  PCNC 
C ***  MODE = 2  FOR  CONSTANT WFB 
C *** MODE =3 FOR  CONSTANT  PCNP 
C *** I N I T  = I  W I L L   N O T   I N I T I A L I Z E   P O I N T  
C *** IDUMP =1 W I L L   D U H P   L O O P I N G   W R I T E - O U T S  I F  ERROR  OCCURS 
C *** I D U M P  =2 W I L L  DUMP L O O P I N Z   W R I T E - 3 U T S   A F T E K  EVERY P O I N T  
C *** I A U T P  =o Y I L L   U S E   I N P U T  A l l  A N D  M I L   S P E C   E F A R  
C *** I A H T P  = 1  W I L L  USE I N P U T  A M  A N D  I N P U T   E T A F  

C *** I A 3 T P  = 3  W I L L   U S E  P2  AND  STANDARD T 1  
C *** I A H T P  =4 W I L L  USE T 2  AND P2 
C *** I A N T P  =5 W I L L  U S E  RAM2 FOR S P E Z I A L   F E Z O V E R Y  
C *** I G A S M X = - 1   S E P A R A T E   F L O W ,   I N P U T  A6 
C *** I G A S N X = O   S E P A R A T E   P L O W ,   A b = A 5 5  
C *** I G A S M X = l   W I L L  M I X  DUCT A N D  M A I N  S T R E A K S ,   A 6 = A 2 5 + A 5 5  
C *** IGASPlXZ2 W I L L  M I X  DUCT A N D   M A I N  S T R E A M S ,   I N P U T  A6 
C *** I D B U R N = l  F O R   D U C T   B U R N I N G ,   I N P U T   T 2 4  
C *** I D B U R N = 2   F O R   D U C T   B U R N I N G ,   I N P U T  WPD 
C *** I A F T B N = 1  F O R   A P T E R B U R N I N G ,   I N P U T  T7 
C *** I A F T E N = 2   F O R   A F T E R B U R N I N S ,   I N P U T  WFA 
C ***  I D C D  = 1  DUCT R O Z Z L E   W I L L   B E   Z - D  
C ***  IMCD =1 M A I N  N O Z Z L E   W I L L   B E  E-l3 

c *** IANTP =2 UILL USE ~2 AS T I = T I + P ~  n N n  S T A N D A R D  PT 

C *** N O Z F L T = l  FOR F L O A T I N G  M A I N  N O Z Z L E  
C *** N O Z F L T = 2  F O R   F L O A T I N G  DUCT N O Z Z L E  
C *** N O Z F L T = 3  FOR F L O A T I N G  M A I N  A N D  D U C T  N O Z Z L E S  
C *** I T R Y S  = N  NUflBER O F   P A S S E S   T H R U   E N G I N E   3 E F O f i E   Q U I T T I N G  

N A M E L I S T   / D A T A I N /  ISPOOL,FAN,SI,DELT1,IDES,flODE,IDU!IP,IANTP, 
1 IGASMX,IDBURN,IAFTBN,IDCD, IHCD,NOZFLT,ITRYS,PXFN2Pl,FXY2C?, 
2 APTFAN,DUMSPL,TOLALL,DELFG,DELF~,DELSFC,PCNFDS,P~FDS,ETAFDS,  
3 P C N C D S , P R C D S , E T A C D S , T 4 D S , ~ F B D S , D P C O D S , ~ T H P D S , E T L P D S ,  
4 D P D U D S , T 7 D S , E T A A D S , D P A P D S , A 6 , A 9 , A 2 9 , P S 5 5 , A H 5 5 , C V D N O Z , C V H N O Z , r 2 ,  
5 P 2 , T 4 , W A F C D S , ~ A C C D S , H P E X T , A M , ~ L T ~ , E T A R , P C N F , P C N C , ~ F ~ , P C B L F , P C ~ I ,  
6 P C B L C , P C B L D U , P C B L O B , P C B L H P , P C B L L P , ~ 2 4 , E T A D , T 7 , W F A , ~ T A A , A ~ 6 , A N 2 ~ ,  
7 DPYGDS,A38,PCNIDS,PCBLIP,ZPDS,ZCDS,ZCDS,ZIDS,PCBLID,TFHPDS,CNHP~S8 
8 TPIPDS,CNIPDS,TFLPDS,CNLPDS,PRIDS, ETAIDS,ETIPDS,UAICDS,PCELI, 
9 CVDWNG, I T R A N , D T P R N T , T F , T N I T ,  Dl?,  XNHPDS, XNIPDS,XNLPDS,P?4IHP,PPlIIP, 

2 VWDUCT, I A N T R X  
1 P N I L P , V P A N , V I N T C ~ V C O M P ~ V C O M B , V H P ~ R B ~ V X P T R B , V L P T R B ~ V A F ? B ~ ~ V F D ~ J ~ ~ ~  

WORD(1)  = AWORD(1)  
Y O B D ( 2 )  = AWOBD(2)  
I T R A N  = 0 
J T B A N  = 0 
TIME = 0,ODO 
N S F E P  = 0 
T P R I N T  = O.ODO 
D T P R N T  = O.ODO 

I F  ( R K G O  .EQ. 1) GO T O  5 
I D E S  = 0 
READ (5, D A T A I N )  

~~ 

1 C A L L  Z E R O  

APCDUfl*S 
ABCDLflt57 
ABCD4URQ 
A a C D 4 ' 4 P 3  
4 B C D 4 4 9 2  
ABCD4 3 1 
4 B C D 4  4 9 2  
AEC311 U33 
ABCDu 49'4 
F.FCD4135 
ABCDL!4?5 
A B C D 4 G 9 7  
A B C D 4 4 5 9  
A B C D 4 U 3 ?  
A B C D b 5 0 3  
ABCD!! 5 3 1 
A B C D 4 5 3 2  
A B C ' 3 4 5 3 3  
ABCD9 53 1 
k B C D 4 E O S  
A B C D 4 5 3 5  
A A C D l t 5 0 7  
A 6 C D 4 5 0 q  
A P C D 4 5 0 C  
LBCDLI 5 1 3  
A B C D Y 5 1 1  
RSCDLI 5 1 2  
ABCDL1513 
ABCDS 51 L! 
A 9 C Q 4 5 1 5  
ABCD4 5 1 5  
A B C D U 5 1 7  
A B C D u 5 1  Q 
A B C D 4 5 1 3  
APCD4523 
A B C D 4 5 2 1  
A a C D 4 5 2 2  
A S C D 4 5 2 3  
A B C D 4 5 2 4  
k B C D 4 5 2 5  
A B C D Y S 2 5  
A B C D 4 5 2 7  
A E C D 4 5 2 F  
A B C D 4 5 2 3  
A B C D 4 5 3 3  
ABCDO 5 3  1 
ABCDL"E32 
A B C D 4 5 3 3  
A B C D 4   5 3 4  

A B C D 4 5 3 5  
A E C D 4 5 3 7  
A B C D 4 5 3 9  
A B C D 4 5 3 9  

AECDQ 5,35 
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102 
C 

2 

23 5 

C 
3 

4 

405  

5 

6 

50 5 

7 

I F  ( . N O T .  E R R E R )  GO T O  132 A 3 C D 4 5 U O  
I F  ( I A P T B N  .GT. 0 .OR. I D B U R N  .GT. 0 .OR.  NOZFLT  .GT. 0) GO T O  1 A B C D 4 5 9 1  

T A B L E  I S  R E F E R E N C E D   T O   C O M l l O N / A L L / P I R S T   E N T R Y  ABCDU 5% 3 

I F  (KKGO  .NE. 2 )  GO T O  3 ADCDY5YS 
T E H P 1  = C O R   ( 3 2 5 )  A B C D G 5 4 5  
T E B P 2  = COR ( 3 2 6 )  ABCDV 5 4 7 
T E H P 3  = CON (336) A B C D 4 5 4 9  
T E M P 4  = COR ( 3 7 0 )  A B C D 4 5 4 3  
DO 2 I = 1,392 A B C D 4 5 5 0  
C O ! l ( I + 2 )  = X S A V E ( 1 )  ABCD4 55 1 
DO 2 0 5  I = 1 , 4  A B C D 4 5 5 2  
Con ( I + 1 0 5 6 )  = X S A V E ( I + 3 9 2 )  A B C D n 5 5 3  
coa(325) = T E M P 1  ABCDU 554 
CON ( 3 2 6 )  = TERP2 A 9 C D 4 5 5 5  
C O M ( 3 3 6 )  = T E M P 3  A R C D 4 C ; 5 5  
COM (370) = T E H P 4  A B C D 4 5 5 7  
R E A D   ( 5 , D A T A I N )  A9CD455P 
S A V E   I N P U T  I N  C A S E  OF L O O P  ON PRESSfJEE: P A T T O S  A!3CDQC5? 
T E M P 1  = XSAVE ( 3 2 3 )  AUCDr! 5 5 0  
T E M P 2  = X S A V E ( 3 2 4 )  BFCDU 5 5 , l  
T E E P 3  = XSAVE ( 3 3 4 )  A R C 0 4 5 6 2  
T E M P 4  = X S A V E ( 3 6 8 )  AEiCDcl5:3 
D O  4 I = 1 , 3 9 2  A!3C3Q'E9 
X S A V E ( 1 )  = C O M ( I + 2 )  F.DCD'J 5 5  5 
D O  4 0 5  I = 1 , 4  kLICDL'E.55 
X S A V E ( I t 3 3 2 )  = COY ( I + l C ) 5 E )  P 3 C D 4  5 E 7  
X S A V E ( 3 2 3 )  = TE!lP1  A B C D 4 5 6 i !  
X S A V E ( 3 2 4 )  = T b M P 2  AS?r)L' + z  3 

X S A V E   ( 3 3 4 )  = T E M P 3  A B C D 4 5 7 C  
X S A V E ( 3 6 8 )  = T E M P 4  F.ECD'J 5 7  1 
G O  TO 7 A 3 C D i l . 5 7 2  
T E M P 1  = COY ( 3 2 5 )  R E C D U C 7 3  
T E M P 2  = CON ( 3 2 6 )  A 9 2 C b  5 7 1  
T E R P 3  = CON ( 3 3 6 )  AEC?t!57 . i  
T E M P 4  = CON ( 3 7 0 )  A d C D 4 5 7 5  
E0 6 I = 1 , 3 9 2  ABCD'J. 5 7 7 
COM ( I + 2 )  = XSAVE  (T)  ARCD'4C;73 
DO 6 0 5  I = 1 , 4  ARCD4573 
COM ( I + 1 0 5 6 )  = X S A V E   ( I + 3 9 2 )  A B C D 4 5 8 ?  
CON ( 3 2 5 )  = T S I I P l  ABCD4 5 s 1 
caM(326) = T E Y P 2  APCDL1587 
C O M ( 3 3 € )  = TEYP3 A B C D l l 5 5 3  
C O M ( 3 7 0 )  = TEMP4 ABCDQSF!7 
M R I T E   ( 6 , 8 )  P R F D S , P E F N E W , P R C D S , P ~ ~ ~ ~ W  A B C D l i 5 8 5  
P R C D S  = PRCNEW A 3 C D u 5 P , 5  
PFFDS = PRFNEW P.ECD4587 
KKSO = 2 A B C D 4 5 8 9  
I F   ( I A F T B N  .GT. 0 .OR.  I D 3 L J R N  .ST. 0 . O R .  N O Z F L T  .GT. 3 )  I ? J T T  = 1 A B C D 4 5 8 9  
IF ( M O D E  .EQ.  0 )  U E I T E  (5,g) I D Z S , A M , A L T P , T ~ , ~ ~ U , ~ ~  A P C D 4 5 9 J  
I F  (MODE .EQ. 1)  W R I T E   ( 3 , l O )  IDES,AM,ALTP,PCNC,T2Q,n7 ABCD11591 
I F  (MODE . E o .  2 )   W F I T E  ( 8 , l l )  I D E S , A f l , A L T F ,   W F B , T 2 4 , F 7  A B C D 4 5 3 2  
I F  (DIJMSPL)  WAICDS = WACCDS A B C D e 5 9 3  

E R R E R   . F A L S E .   A B C D 4 5 4 2  

I F  ( I D E S  0 EQ. 0) GO T O  7 A B C D 4 5 4 4  
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10 1 

C 
C 
8 

9 

13 

1 1  

3 

I F  ( I D E S  .NE. 1) G O  TO 101  ABCD4594 
WAFC = WAFCDS ABCD4595 
W A C 1  = UAICDS  ABCD4595 
WACC = UACCDS ABCD4597 
CALL  COINLT  ABCD4598 
R E T U R N  ABCD459'3 

ABCD4600  
ABCDY 6 3 1 

FOR!iAT (18HOCHANGE PEFDS FROP, P 9 . 3 ,  4 H  TO, F 9 . 3 ,  17H AND PRCDSABCD4602 
1 FROM8 F10.3, 4 H  TO,   F10 .3 )   ABCD4603  

FORNAT (1H@, 7H I D E S = ,  1 3 ,  1 ? X ,  733 A M = ,  F7.3, 5X, 7 H  ALTP=,  ABCD460il  
1 F7.0, 6 X ,  7H T 4 = ,  F e . 2 ,  5 X ,  7H T 2 4 = ,  F8.2, 5X, 7H T7=,   ABCD4605  
2 F 8 . 2 ,  6H88$88$) ABCDU605 

F3RVAT (1Hc, 7 H  I D E S = ,  1 3 ,  1 3 X 8  7H lM=, F7.3, 6 X ,  7A ALTP=,  ABCDU607 
1 F7.0, 6X, 7 H  PCNC=, F 8 . 3 ,  5X, 7H T24=, F 8 . 2 ,  5 X .  7H T 7 = ,  ABCDYEOS 
2 P8.2, 6H$$$$$$) ABCDUOO? 

FORRAT (IHO, 7 H  I D E S = ,  13 ,  l o x ,  7H A T = ,  F7.3, 6 X ,  7H ALTP=,   ABCDQ610 
1 F 7 . 0 ,  6X, 7H WFB=, PE.4, 5 U ,  7F1 T24=, F R . 2 ,  S X ,  7 H  T7=, ABCD4611 
2 F8.2, 6H.1$8$$38) ABCDh 6 1 2  

END A B C D 4 6 1 3  

Subroutine RAM 

S U B i I 3 T I T I N E  RAq ( A n ,  ETAEi) 
I M P L I C I T  REAL48 ( A - H ,  0 - Z )  
E r A R  = 1 . O D O  
I F  ( A N  .LE. 1 . O D C )   R E T U R N  
I F  (AM .GT. 5.CD0) GO TO 3 
EI'AR = 1.ODO - 0 .075DO * ( ( A M  - 1.0DO) ** 1.3530) 
P E T U R N  
ETAR = 8 0 0 . 0 0 0  / ( ( A U I  **  4 )  + 9 3 5 . 0 3 0 )  
RETURN 
E N D  

Subroutine RAM2 

ABCDQ 6 1 4  
A B C D 4 6 1 j  
XBCDQ6 1 5  
ABCDQ 6 1 7  
ARC311619 
A3CD'i 6 1 ? 
A D C D 4 6 2 0  
ABCDU€21 
ABCD3622 
AECD4621  

S U B R O U T I K E  F K M 2  ( A M , c T A h )  A R C D k 6 2 Y  
I W P L I C I T  D E A L * 8  (A-H,n-Z) ARCDUG25 
D I N E N S I O N   P R I N L T  ( 1 5 )  , P ;?N (15)  , Y ( 3 )  , Y ( 3 )  A s C D 4 6 2 5  
DATA FMN / @ . i ) D O ,  . 1 3 0 ,  . i ' C i ) ,  .3D(\, .4DO, .!no, . P D C ,  1. 7 3 9 ,  A E C D 4 6 2 7  

1 1.2D0, 1.4D9, l . h D O ,  1 . F D 2 ,   2 . 2 D @ ,  2.uPn, 2 .7DP/   kP ,CDat2E!  
DATA P R I N L T  /.9DG, . ? 3 2 3 3  , . C j P ! ; ,  . 3 o l ! ? 9 ,  . Y E S C O ,  .Q7DO, . 9 7 9 1 3 O , A C C D U 6 2 ?  

1 .97DO, . 3 6 r j l D O ,  . 958DC,  . < 4 n O ,  . j l R 1 7 0 ,  .A"DO, .32!?13c) ,  ."i530/ A 3 C 9 4 5 3 7  
M = O  P.3C3116?1 
DO 1 J = 1,15  P.BCDQF.32 
IF (AM .GE. F E ( K ( J ) )  M = J - 1 A B C D 4 6 3 3  
CONTINUE  AECD4631 
I F  (PI .EQ. 0) fl = 1 P.BCDUE35 
I F  ( M  .GE. 1 4 )  M = 1 3  F B C D 4 6 3 5  
DO 2 I = 1 , 3  A B C D 4 6 3 7  
R M = R - 1 + 1  ABC!34F3? 
X ( 1 )  = F M N ( R M )  FBCDbC39  
Y(1) = P E I N L T ( M 3 )  A B C D 4 6 4 5  
CALL  PAFABO  (X,Y,AR,ETAR)  ABCD4641 
PETURN &3CD/.460.2 
END 4 5 ~ ~ 4  6Q 3 
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Subroutine ROLL 

SUb83tJTINE F 3 L L  
T H P L I C I T  REAL*Y  (A-H,O-2)  
COP12Oh' / C C K A L L /  COY ( 1 0 6 2 )  
D I M L N S I O K  FO (5C , 4 )  , SO ( 1 3 . 6 )  , PDAT A ( 5 ,  Yc), T T l E P r  ( 5 0 )  
E Q U I V A L E N C E   ( F O ( I , l ) ,   C O S ( 4 3 C ) ) .  ( S C ( 1 , l )  , COM ( 6 3 1 ) )  , 
DO 1 I = 1,50 
FO (I, 2 )  = F C ( 1 ,  1 )  

DO 2 I = 1 , 1 0  
S 0 ( 1 , 6 )  = S O ( T , 5 )  
S O ( I , 5 )  = SO(I,4) 
S O ( I , 3 )  = S O ( I , 2 )  

DO 3 I = 1,49 
N 1  = 51 - I 
N O  = 5 c  - I 
T I Y Z P T  (N 1 )  = ,TIMEPT ( N O )  
30 3 J = 1 , 5  

LETURN 
END 

1 ( P D A I A ( l , l ) ,  COM(691)), ( T I F E P I ' ( l ) ,   C Q Y ( 9 4 1 ) )  

1 FO ( I , 4 )  = F O ( I , 3 )  

2 so ( I ,  2 )  = S O ( 1 , l )  

3 PDATA ( J ,N l )  = P D S T A  ( , J , N O )  

Subroutine SEARCH 

S ~ J R 8 3 1 J T I W E   S E A R C H  ( P ,  A ,  B,,, D ,  A X ,  N A ,  BX,CX,DX,NO,  N A P * , ,  NSU, N C 3 D Z )  
I M P L I C I T  R E A L * 8  (A-H,O-Z) 
COIY?ION / C O N A L L /  C O Y  ( 1 c 6 2 )  
D I M E P S I O N  A X  ( M A E ) ,  BX (NAY,  NOM),  ,"X (NXM,NOM) , D X  (h'AF,VJOM), 

E Q U I V R L E N C E   ( T O L A L L ,  CON ( 2 3 ) )  
1 N L \ ( N A m ) ,  Q ( 4 )  

C * * *  N E E D S   S U B R O U T I N E   A F Q U I E  
C *** A X  A f i D  t X  R U S T  B E   S T O K E D   L O  T O  H I  
C * * *  P=INPUT P R O P O R T I O N  BETWEEN 0.0 A N D  1.0 

C * * *  NC3DE=OO OK 
C I F  N 3 T  I N P U T ,  P MIJST  EQUAL -1. 

C N C 3 D E = O 1  F. L O  
C N C O D E = 0 2  A H I  
C N ; 3 D E = 0 7  E R R O R  
C N C O D E = 1 0  B L O  
C N C 3 D E = 2 0  B H I  

E X r R   ( A A A , E B E , C C C )  = A A A  + 13EE C ( C C C  - AP.A)  
KCODE = 0 
C = @ . C D O  
D = O.ODO 

C *** F I N D  A 
DO 1 I = 1 , N A  
IH = I 
I F  ( A  . L T .  A X  ( I )  ) GO T O  2 

A B C 3 4 0 6 5  
A B C D u 6 5 7  
A B C D 4 6 E  9 
A 9 C D 4 6 5 3  
A 3 C D U 6 7 3  
A E C 9 4 6 7 1  
A F C D 4 6 7 2  
A B C D 4 6 7 3  
ABCD4 6 7 1 
4 3 C 3 4 6 7 5  
XDCD7675 
A 9 C O G 6 7 7  
ABCD? 6 7 3  
A S C 3 3 6 7 0  
A B C D ' J S 3 3  
A R C D ~ 1 6 8 1  
ABCD4682 
A B C D 4 6 F i 3  
A B C D 4 6 9 7  
A a C D 4 6 9 5  
A B C D 4 6 8 5  
R E C D U E 8 7  
A a C D 4 6 8 9  
A B C 3 4 6 6 9  
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1 

c *** 

4 

6 

7 
8 

9 
10 

C 3 N T I N U E  
I F  ( A  . GT. A X  ( 1 3 ) )  NCODE = 2 
A = A X ( I N )  
GO TO 3 
I F  ( I H   . G T .  1) GO T O  3 
NCODE = 1 
I H  = 2 
A = A X ( 1 )  

LIMA = N O ( 1 H )  
L I M L  = NO ( I L )  
FIND B 
PRM = ( A  - A X  ( I L ) )  / ( A X  ( I H )  - 8.X ( I L )  ) 
PP = P 
IF ( P  .GE. G.OD0) GO T O  5 
BL = E X T R ( B X ( I L , I ) ,  PRY, S X ( I H , l ) )  
EH = E X T B ( E X ( I L , L I ! l L )  , PRM, E X ( I H , L I M H )  ) 
I F  ( B   . G E .   B L )  GO TO 4 
NCODE = NCODE + 10 
B = BL 
GO T O  5 
IF ( B   . L E .  BH) GO TO 5 
NCODE = SCODE + 20 
BHY = EXTR ( B X  ( I L , L I M L -  I ) ,  PRM, BX ( I H , L I M H - 1 )  ) 
CHM = B X T R ( C X ( I L , L I ! l L - l ) ,  PXH, C X ( I H , L I M H - 1 ) )  
DHM = EXTR  (DX ( I L , L I M L - l )  , PRM, D X  ( I H , L I M H - 1 )  ) 
CH = E X T R   ( C X ( I L , L I M L ) ,   P E N ,   C X ( I H , L I Y H )  ) 
D H  = E X T R   ( D X ( I L , L I M L )  , P R R ,   D X ( I H , L I M H )  ) 
C S L O P E  = ( C H  - CHM) / ( B H  - BHY) 
D S L O P E  = (DH - DHM) / ( B H  - BHM) 
C = C H  + C S L O P E  * ( B  - B H )  
D = DH + D S L O P E  * (I3 - BH) 
RETURN 
P P  = 0.5DO 
Q ( 2 )  = O.ODO 
9(3) = O.ODO 
QH = E X T R ( B X ( I H , l )  , PP, B X ( I H , L I M H ) )  
BL = E X T R ( B X ( I L ,   1 )  , PP,  B X ( I L , L I M L ) )  
DO 7 J = 2 , L I R H  
JH = J 
IF ( B H   . L T .   B X ( I H , J ) )  GO TO 8 
C O N T I N U E  
J L  = J H  - 1 

I L  = I H  - 1 

DO 9 K = 2 , L I M L  
K H  = K 
I F  ( B L   . L T .  E X  ( I L , K ) )  GO TO 10 
C 3 N T I N U E  
KL = K H  - 1 
PR = (BX ( I H , J L )  - B E )  / ( B X ( I H ,   J H )  - B X ( I H , J L ) )  
CH = E X T R   ( C X ( I H , J L )  , - P R 8  CX ( I H ,  J H )  ) 
DH = E X T R ( D X ( I H , J L ) ,  -PR, D X ( I H , J H ) )  

C L  = EXTR (CX ( I L , K L )  , - P R ,  C X   ( I L , K H )  ) 
DL = E X T R ( D X ( I L , K L )  , -PR, D X ( I L , K H )  ) 

P R  = ( E X  (IL,KL) - BL) / (BX (IL.KH) - BX ( I L , K L ) )  

A R C 3 1 ; 6 Q n  
F ECD4 6 P  1 
A 9 C D 4   6 9 2  
ARSD7 E C3 
A B C D u 5 3 1  
A 3 C D 4 E 9 5  
A 9 C D a 6 9 5  
A S C D ' l d Q 7  
ABCDU 5 3 P  
ABCD45°'! 
. 4 3 C D ' t 7 0 3  
ADCE4 7 3  1 
A9CDU?C2 
f i B C D Q 7 0 3  
A B C D 4 7 0 9  
AYCD'I 7 0 5  
A 3 C D o 7 0 6  
A a C D 4 7 0 7  
n F C n 9 7 C S  
P . B C 9 7 7 ? ?  
A R C D 4 7 1 3  
qBCDL'711 
ABCD'J 7 1 2  
A D C 3 Y 7 1 3  
9 B C 9 4 7 1 4  
?!BCr)u?15 
ABCDY 7 1 5  
A g C O Y 7 1 7  
ABCD'4719 
A R C D o 7 1 9  
A 3 C D Q 7 2 "  
A B C D 4 7 2 1  
A B C D 4 7 2 2  
A 9 C D 4 7 2 3  
B B C 3 7 7 2 4  
A R C D 4 7 2 5  
ASCD!! 7 2 5  
FBCD11727 
A 3 C D 4 7 2 9  
ABCD4 7 2  3 
A B C D 4 7 3 0  
R B C D 4 7 3 1  
A E C 3 1 1 7 3 2  
A B C D 4 7 3 3  
A B C D 4 7 3 7  
A B C D 4 7 3 5  
A B C D 4 7 3 c  
A D C D Y 7 3 7  
A 3 C D 4 7 3 B  
A B C D 4 7 3 9  
ABCDU7UD 
A B C D 4 7 4 1  
A B C D 4 7 4 2  
A B C D 4 7 4 3  
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12 
13 

1 

C 
2 

C 
3 
C 

4 

C 
5 

7 

8 

C 
9 

C 
C 

B T  = E X T R ( B L ,  PRM, BH) 
C T  = EXTR  (CL,  PBB, C H )  
DT = E X T R ( D L ,   P R H ,   D H )  
I F  (P  .GE. 0.ODO) G O  TO 1 3  
D I R  = D S Q R T   ( B  / BT) 
ERR = ( B  - B T )  / B 
C A L L  A F Q U I R  ( Q ( 1 )  ,PP,ERR,O.OD0,25.0DO,1.oD~*TOLALL,DIR,PT,ICO~) 
GO TO ( 1 1 , 1 3 , 1 2 ) ,   I C O N  
PP = P T  
I F  ( P P  .LT. 0 . o D o )  PP = O.ODO 
I F  ( P P  .GT.   1 .ODO) PP = 1 . O D O  
G O  TO 6 
NCODE = 7 
B = BT 
C = C T  
D = DT 
RETURN 
EN D 

Subroutine SYG 

S U B R O U T I N E  SYG ( I C O N )  
D I H E N S I O N  WORD ( 1 3 2 )  
DATA  ONEDOL /4H$ / 
G O  T O  ( 1 , 2 ) ,   I C O N  
REWIND 8 
R E r U R N  

R R I T E   ( 8 , l O )  
REWIND 8 

R E A D   ( 8 , 1 1 )   ( W O B D ( 1 )   , I = 1 , 1 3 2 )  

DO 4 I = 1,12  
I F  ( W O R D ( 1 )  .NE.  O N E D 3 L )  SO T3 5 
C O N T I N U E  
R E T U k N  

DO 8 I = 1 , 1 3 2  
I F  ( W O R D  ( X )  .NE. ONEDOL) S O  'PO 8 
I ( = I + 5  
D O  7 J = I , K  
I F  (WORD (J)  .NE.   ONEDOL) S @  T 3  8 
C O N T I N U E  
G O  TO 9 
C O N T I N U E  
WRITE ( 6 , 1 2 )  
RETURN 

I = I - 1  
WRITE ( 6 , l l )  (WORD ( M )  , N = l , I )  
G O  T O  3 

T E R N I N A T E  T H E  F I L E  

READ  RECORD 

CHECK PO3 1 2  LEADING  DOLLAR SIGNS 

CHECK FOR 6 T R A I L I N G   D O L L A R   S I G N S  

P R I N T   L I N E  
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10 FOBRAT ( 1 2 H $ $ f $ $ S $ $ $ $ % $ )  
11 FORMAT ( 1 3 2 A 1 )  
12 POEMAT ( l H 0 , l z H E R R O R  I N  SYZ) 

E N D  

Subroutine THCOMP 

SUBROUTINE  THCOfiP (PR,ETA,T,H,S,P,TO,HO,SO,PO) 
I M P L I C I T   R E A L * 8  (A-H,O-Z) 
LOGICAL S I  
COHHOLI /COMALL/ COH (1062) 
EQUIVALENCE  (TOLALL, C O H ( 2 3 ) ) ,  ( S I ,   c O M ( 1 0 5 5 ) )  
CPG = .25DO 
I F  ( S I )   C P G  = 1048.ODO 
PO = P * PB 
T P  = T * PR ** 0 . 2 8 5 7 2 D 0  
DO 1 I = 1 ,25  
CALL  THEBNO ( P O ,  HP, T P , S P , X I  , O,X2,0)  
DELS = SP - S 
I F  (DABS(DELS)   .LE.  .05DO * T 3 L l L L  * S)  G O  TO 2 

CALL ERROFi 

CALL T H E R M 0  (PO,HO,TO,SO,Xl ,c,X2,1) 
RETURN 
END 

1 T P  = T P  / DEXP(DELS / CPG) 

2 HO = H + ( ( H P  - H) / ETA) 

Subroutine THERM0 

SUBROUTIPE  THERM0 ( P X , H X , T X , S X , A M X . L , F A R , K )  
IMPLICIT  REAL*8  (A-A,O-Z)  
LOGICAL SI 
COMMON /CORALL/ COM ( 1 0 6 2 )  
EQUIVALENCE  (TOLALL, C O f l ( 2 3 ) ) ,  (SI, C O M ( 1 0 5 5 ) )  
IF ( S I )  GO T O  100 
DZPI = 1 . 9 b 6 3 7 5 D O  
CPG = .25DO 
PSTD = 1 . O D O  
G O  TO 101 

100 DEN = 8 3 1 6 . 4 1 D O  
CPG = 1048.ODO 
PsrD = 1 0 1 3 2 5 . 0 ~ 0  

1 0 1  FX = O . O D O  
IF ( L  .EQ. 1 )  FX = FAR 
IF (K .EQ. 1) GO T O  1 
CALL PROCOM (FX,TX,CS,EK,ZP,R,PHI,HX) 
G O  TO 3 

1 TX = A X  / CPG 
DO 2 I = 1,50 
CALL PROCON (FX,TX,CS,AK,ZP,P,PHI,H) 
DELH = H X  - H 
IF (DADS(DELH)  .LE.  . 0 1 D O  * T 3 L 4 L L  * H X )  S O  TO 3 

WRITE (8,4) 
2 TX = TX + DELH / CPG 

3RCD4 73 3 
A9CD4R00  
AECDt1591 
ABCD4802 
ABCD3933  
ABCD4804 
A 9 C D & 9 0 5  
ABCDL{ROS 
ABCDlS 8 3  7 
AsCD4R05  
ABCD4333 
ABCD4813  
ABCDB !? 11 
ABCD4512  
P.BCD4 e l  3 
F.BCDU814 
ABCD4815  
k 9 C D 4  9 1 5  
ABCDl'R17 
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3 SX = P H I  - Ei * D L O G ( P X  / P S T D )  
AZlX = D E 5  / R 
RETURN 

C 
C 
4 F 3 C Y A T   ( 3 1 H O N O   C O N V E R G E N C E  I N  r H E R ? f O b S b $ s S )  

END 

Subroutine THTURB 

S U B R O U T I N E   T H T U R E   ( D H , E T A , F A R , H , S ,  P ,TO,  HO,SO,PO) 
I M P L I C I T   R E A L * 8   ( E - H , O - Z )  
L O G I C A L  S I  
COMMON /COMt.LL/  COX ( 1 0 6 2 )  

DEN = 1 - 9 8 6 3 7 5 D 0  
I F  ( S I )  DER = 8 3 1 6 . u l D O  
80 = H - D H  
HOP = H - DH / ETA 
P T  = P / 2.ODO 
DO 1 I = 1.25  
C A L L   T H E R M 0  (PT ,HOP,TT,ST ,ANWT, l ,PAR,1)  
D E L S  = S T  - S 
I F  ( D A B S   ( D E L S )   . L E .   . 0 5 D O  * T O L A L L  * S )  G O  T O  2 

CALL  ERROR 

CALL  THEI1f40 ( P O , H O , T O , S O , X 1 , 1 , F A S , l )  
RETURN 
END 

E Q U I V A L E N C E  ( T O L A L L ,   c 0 ~ ( 2 3 ) ) ,  ( s r ,  C O M  ( 1 0 5 5 ) )  

1 PT = P * DEXP (DELS * AMWT / DEH + DLOG (PT / P ) )  

2 P O  = P T  

Subroutine WDUCTI 

4 B C D 4 8 5 0  
A B C D 4 9 5 1  
A B C D Q 9 5 2  
A R C D 4 6 5 3  
A B C D U 9 5 4  
A B C D 4 9 5 5  , 
A D C D 4 8 5 3  
A B C D 4 P 5 7  
A B C D 4 8 5 8  
A R C D 4 9 5 9  
ABCDQ 8 5 @ 
ABCD4 86 1 
A B C D 4 8 5 2  
A B C D 4 8 6 3  
A B C D 4 9 E Q  
k B C D 4  85  5 
A B C D 4 8 6 6  
RBCD4 85 7 
A B C D Q 8 5  5 
A B C D 4 8 5 3  

S U E R O U T I N E   W D U C T I   A B C D 4 8 7 0  
I M P L I C I T   R E A L * 8   ( A - H ,  0 - Z )  A B C D Y 8 7 1  
L O G I C A L  S I  A B C D 4 8 7 2  
CO?lMON / C O M A L L /   C O M ( 1 0 6 2 )   A B C D 4 9 7 3  
D I M E N S I O N  WORD ( 2 ) ,  E R R   ( 9 )   A B C D 4 @ 7 7  
D I M Z N S I O N  Q ( 9 ) ,  X Z E R O ( 2 5 ) ,   A h ’ D R D ( 2 )   A B C D 7 8 7 5  
E Q U I V A L E N C E  (WORD ( I ) ,  C O M ( 1 ) ) ,   ( I D E S ,   C O M ( 3 ) ) ,   ( I D S H 3 C ,  ZOOM ( 1 5 ) ) , A B C D B 8 7 6  

1 ( T O L A L L ,  COM ( 2 3 ) ) ,   ( 9 F R   ( I ) ,   C 3 H   ( 2 4 ) ) ,  (PI, C O R ( 3 3 ) ) ,  (WAC, 
2 C 3 M ( 1 9 1 ) ) ,  ( W G 3 7 ,   C @ M ( 2 1 0 ) ) ,   ( X Z E R O ( l ) ,   C O N ( 2 1 c ) ) ,   ( A 3 8 ,  
3 C 3 Y   ( 2 1 1 ) )  , ( A M 3 8 ,   C O R   ( 2 1 2 )  ) ,  ( 8 3 8 ,  CON ( 2 1 3 )  ) , (T38, C O N  ( 2 1 4 ) ) ,  
4 (838, CON ( 2 1 5 ) ) ,  ( P 3 8 ,  C3M ( 2 1 6 )  ) ,  ( T S 3 8 ,  208 ( 2 1 7 ) ) ,  
5 ( P S 3 8 ,   C O C ( 2 1 8 ) ) ,  (A39, C O M ( 2 1 9 ) ) ,   ( A M 3 9 ,   C O M ( 2 2 0 ) ) ,  
6 ( V 3 9 ,  COM ( 2 2 1 ) ) ,   ( T 3 9 ,  COM ( 2 2 2 ) ) ,  (H39,  COM ( 2 2 3 ) ) ,  
7 ( P 3 9 ,  COR ( 2 2 4 ) )   ( T S 3 9 ,   C O M ( 2 2 5 ) ) .  (PS39, C O Y ( 2 2 6 ) ) ,  
8 ( W A 3 2 D S ,   C O M ( 2 2 7 ) ) ,   ( D P W I N G ,   C O M ( 2 2 8 ) ) ,   ( B P R I N T ,   C O M ( 2 2 9 ) ) ,  
9 ( D P H G D S ,   C O R ( 2 3 5 ) ) ,   ( T 2 1 ,   C O r ? ( 2 6 3 ) ) ,  (H21,  C O M ( 2 € & ) ) ,  
1 (UA32, CON ( 2 7 1 )  ) ( P C R L I D ,  CON ( 3 0 5 )  ) , ( P 2 1 ,  CON (377)  ) , 
2 ( P 3 7 ,  CON ( 3 9 3 ) ) ,  (U37,  COM ( 3 9 4 )  ) ,  (VWDUCT,  COH ( 4 0 4 ) )  , 
3 ( S I ,  C O M ( 1 0 5 5 ) )  

DkTA  AYORD  /4HWDUC, 4 H T I  / 
WOFD ( 1 )  AWORD( 1 )  
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ABCD4 8 7 7  
ABCDI(P’I9 
A B C D 4 8 7 9  
A S C D 4 8 5 9  
A B C D 4 5 8 1  
A B C D Q 8 8 2  
A B C D 4 8 8 3  
A B C D 4 8 8 U  
ABCDU 895  
A B C D 4 8 8 E  
A B C D 4 8 8 7  
A B C D 4 8 8 8  
A B C D 4 8 8 9  
A S C D Q e 3 3  

- 



WORD ( 2 )  = AWORD(2) 

R A  = .0252D0 
A J  = 2.719DO 
G O  T O  1 0 1  

100 R A  = 286.9130 
A J  = 1.ODO 

DO 1 I = 1 , 2 5  

R E T U R N  
3 P32 = P21 

H32 = H21 
T32 = T21 
BPRINT = WA32 / WAC 
WA32C = WA32 * DSQRT(T32) / P32 
I F  (IDES .EQ. 1 )  WA32DS = WA32, 
DPWING = DPWGDS * WA32C / WA32DS 
DPWING = DlClINl  (1 .ODO,DPYING) 
P36 = P32 * (1.ODO - DPWING) 
T36 = T32 
H36 = H32 
CALL THERMO (P3b,H36,T36.S36,XX2,l,O.~Do,O) 
WG37 = HA32 
"37 = T36 
P37 = P36 
H37 = 8 3 6  
S37 = S 3 6  
I F  (VYDUCT .EQ. 0.oDo) GO T O  21 
Q ( 2 )  = O . O D O  
Q ( 3 )  = O.0DO 
WG37P = WG37 
H37P = H37 
P37DOT = D E R I V  ( 2 2 , P 3 7 )  

WG37 = WG37P - P37DOT * VWDUCT / T37 / 1.4DO / R A  
U37 = H37 - R A  * A J  * T37 

H37X = (WG37P * H37P - (YG37P - WG37) * U37 - U37DOT * P37 * 
1 VWDUCT / T37 / R A )  / WG37 

ERRW = ( a 3 7  - H 3 7 X )  / H37 
D I R  = DSQRT (DABS (H37 / H37X)) 
CALL AFQUIR ( Q ( 1 )  ,T37,EREW.O.OD0,20.0DO,.1DO*TOLALL,DIR,T37T,IGO) 
GO TO ( 1 9 , 2 1 , 2 0 ) ,  I G O  

GO TO 18 

I F   ( S I )  G O  TO 100 

101  I F  (PCBLID .GT.  O . O D @ )  GO T O  3 

1 X Z E R O  (I)  = C . O D O  

18 CALL THERMO (P37,H37,T37,S37,XX2,1,0.0D@,O) 

U37DOT = D E R I V  (23.U37) 

19 T37 = T37T 

20 CALL E R R O R  
21 CALL C O N V R G  ( T 3 7 , H 3 7 , P 3 7 , S 3 7 , 0 . 0 D O , W G 3 7 , P l , I D E S I A 3 8 . P 3 8 R , ~ 3 8 , H 3 8 ,  

1 P38,S38,TS38,PS38,V38,AM3B,ICON) 
GO T O  ( 5 , 5 , 5 , 4 ) ,  I C O N  

4 CALL E R R O R  
5 T39 = T 3 8  

H39 = H38 
P39 = P38  

P.3C34931 
ABCD4E?2 
PGCD4933 
4RCDL!.f?"7 
A D C D 7 9 S j  
A3CD48O5 
A9Ci34807 
AECD4998 
AECD4q33 
ABCD4900 
ARCDY901 
A3CD4902 
.23CD49?3 
ASCDtl904 
A3CD4905 
ARCD4935 
ABCDL: 907 
ABCDUPOS 
ABCD4909 
ASCD4913 
AEiCD4911 
A R C D Y ? 1 2  
ARCD4913 
AdCD49 1 4  
AUC34915 
ADC34915 
A9CC4917 
ABCD4 9 13 
A9CD4919 
ABCD4923 
ABCD4921 
ABCD4922 
ABCD4923 
ABCD4924 
ADCD4925 
ABCD4925 
ADCDY927 
ABCD4929 
ABCDY923 
ABCD493C 
ABCD4 9 3  1 
PBCD4032 
F.RCD4033 
ABCD4934 
ABCD4935 
ABCD4935 
ABCDY937 
AHCD4938 
ABCD4939 
ABCD494? 
ABCD4941 
AECD4942 
ABCD4943 
ABCD4944 
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C 
C 
6 

5 

6 

7 

8 

9 

T S 3 9  = T S 3 8  
V39 = V38 
An39 = A M 3 8  
A39 = A38 
P S 3 9  = PS38 
IDSHOC = I C O N  + 3 
E R B ( 7 )  = (P38R - P 3 8 )  / P38R 
I F  ( I D E S  .EQ. 1 )   W R I T E  (6,6) A 3 8 , A M 3 8 , A 3 9 , A M 3 9  
REPURN 

F3FiMAT ( 1 8 H O I N T E R  DUCT D E S I G N , S X , 8 H   A 3 8 = , E 1 5 . 8 . 8 H  AM38=, 

END 
1 E 1 5 . 8 , 8 H   A 3 9 = , E 1 5 . 8 , 8 H  AM39=, E 1 5 . 8 )  

Subroutine ZERO 
SUBROUTINE  ZERO 
I M P L I C I T   R E A L * 8   ( A - H ,  0 - Z )  
COMMON /COBALL/ COB ( 1 0 6 2 )  
E Q U I V A L E N C E   ( I D E S ,  COM (3) ) , ( J D E S ,  COM ( 4 ) ) ,   ( I N I T ,  E 3 H ( 7 )  ) , 

1 ( I D B U R N ,   C O M ( l l ) ) ,   ( I A F T B N ,   C O N ( l 2 ) ) ,   ( I D S H O C ,   C O M ( 1 5 ) ) ,  
2 (IPISHOC,  CO!¶ ( 1 6 ) ) ,   ( N O Z F L P ,  COY ( 1 7 ) )  

I D E S  = 0 
J D E S  = 0 
I N I T  = 0 
IDBURN = 0 
I A F T B N  = 0 
IDSHOC = 3 
I N S H O C  = 3 
NOZPLT = 0 
COH ( 3 3 )  = O . O D O  
D O  5 I = 37 ,90  

I F  ( I  .EQ. 60 .OR. I .EQ. 6 1  . 3 R .  I .EQ. 7 5 )  GO TO 5 
COM ( I )  = 0 . O D o  
CONTINUE 
COM ( 9 4 )  = O . O D O  
COR ( 9 5 )  = O.ODO 
C O M ( 9 9 )  = O.ODO 
DO 6 I = 102,113 
IF ( I  .EQ. 107 .OR. I . EQ. 109 .OR,. I . EQ. 1 I O )  G O  r3 6 
COR (I) = 0 - O D 0  
CONTINUE 
DO 7 I = 131,135 

COM(1)  = O.ODO 
CONTINUE 
DO 8 I = 149,160 
I F  (I  .EQ. 155 .OR. I .EQ. 1 5 6 )  G O  TO 8 
Cot4 ( I )  = 0 . O D o  
CONTINUE 
DO 9 I = 171,174 
COM (I) = O.ODO 

IF (I .EQ. 4 1  .OR.  I . EQ- s o  .OR. I . EQ. 5 1 )  GO r3 5 

I F   ( I  .EQ. 1 3 3 )  GO TO 7 

ABCD49I)S 
A B C D 4 9 4 6  
A F C D 4 9 4 7  
ABCD4 9 U  S 
A B C D 4 9 4 3  
A B C D 4 9 5 0  
A E C D 4 9 5 1  
A B C D 4 9 5 2  
A R C D 4 9 5 3  
A B C D 4 9 5 4  
A B C D 4 9 5 5  
A B C D 4 9 5 5  
A E C D 4 9 5 7  
ABCD4 3 5 8 

A B C D 4 9 5 9  
A B C D 4 9 5 3  
A B C 0 4 9 6 1  
AFCDQ 9 5 2 
A B C D 4 9 6 3  
A B C D 4 9 6 4  
A B C D 4 9 6 5  
A B C D 4 9 6 6  
ABCD4957  
A E C D 4 9 6 3  
ABCD49 6 9 
ABCD4 570 
ABCDU 57 1 
A B C D 4 9 7 2  
ABCD4 973 
A B C D 4 9 7 4  
ABCD4 975 
A B C D 4 9 7 5  
A B C D 4 9 7 7  
A B C D 4 9 7 3  
A B C D 4 9 7 9  
A B C D 0 9 9 3  
A B C D 4 9 8 1  
ABCD4 9 9 2  
A B C D 4 9 8 3  
ABCD498U 
A B C D 4 9 9 5  
A B C D 4 9 8 6  
ABCDI) 98 7 
A B C D 4 9 8 8  
ABCD4 98 3 
A B C D 4 9 9 0  
ABCDI) 99 1 
A B C D 4 9 9 2  
A B C D 4 9 9 3  
A B C D 4 9 9 4  
A B C D 4 9 9 5  

134 



10 

11 

12 

13 

14  

15 

15 

17 

DO 10 I = 190,209 
I F  (I .EQ. 1 9 2  -08.  ( I  .GE. 195 * A N D *  I .LE. 197)  - 0 8 .  

1 GO TO 10 
COH (I) = O.ODO 
CONTINUE 
D O  11 I = 2 4 2 , 2 5 8  
I F   ( I  .EQ. 2 4 4 )  GO T O  11 
COR (I) = O.ODO 
C O N T I N U E  
DO 1 2  I = 2 6 3 , 2 6 5  
COM(1) = O.ODO 
DO 13 I = 270 ,274  
IF ( I  *EQ. 271)  GO TO 1 3  
COM(1) = O . O D O  
C O N T I N U E  
DO 14 I = 290.293 
COH (I) = 0 . O D O  
DO 15 I = 306 ,320  
I F   ( ( I  .GE. 3 0 9  . A N D .  I .LE.  3 1 2 )  .OR.  I .EQ. 3 1 4 )  G3 
COM ( I )  = O . O D O  
C O N T I N U E  
DO 1 6  I = 321 ,355  
I F  ( I  .EQ. 3 2 5  .OR. I . EQ. 3 2 6  . OR. I .EQ. 328)  GO T3 
I F  (I . EQ. 3 2 9  .OR.  I .EQ. 336  .OR. I . EQ. 341)  GO r 3  
I F   ( I  .EQ. 3 4 2  . O R .  I .EQ. 346 . O R .  I .EQ. 347)  G O  r 3  
C O H ( 1 )  = O . O D O  
C O N T I N U E  
D O  1 7  I = 3 5 8 , 3 7 1  

COM (X) = O . O D O  
C O N T I N U E  
C A L L  S Y G  ( 1 )  
R E T U R N  
END 

I F  ( I  *EQ- 366  .OR. I .EO. 367 .OR. I .EQ. 3 7 0 )  G O  T3 

TO 1 5  

16 
16  
16 

17 

ABCD4996 
1 9 9 )  AECDU 997 

ABCD4998 
ABCD4933 
ABCD5000 
ABCD5001 
ABCD5002 
ABCD5003 
ABCD5004 
ABCD5005 
ABCD5006 
ABCD5007 
ABCD5008 
ABCD5 00 9 
ABCD5010 
AECDSO 11 
ABCD5012 
ABCDSD13 
ABCD5014 
ABCD5015 
ABCD5016 
ABCD5017 
ABCD50 13 
ABCD5019 
ABCD5023 
ABCD5021 
ABCD5022 
ABCD5023 
ABCD5024 
ABCD5025 
ABCD5025 
ABCD5027 
ABCD5029 
ABCD5029 
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APPENDIX  C 

SAMPLE CASE  INPUT AND OUTPUT 

PCNF 
CN F 
ZF 
PR F 
WAFC 
WA F 
PCNC 
CN C 
zc 
PR C 
WACC 
WAC 
T2 
P2 
T2 1 
P2 1 
T 3  
P 3  
PCBL P 
BL F 
PCBLC 
BLC 
PCBLOB 
BL 38 
PCBLHP 
BLHP 
PCBLLP 
BLLP 
T4 
P4 
WA3 
WFB 
WG4 
FAR4 
ET AB 
DPCOM 
TPFHP 
CN HP 
DHTCRP 
D H T C  
T5 
P5  
TFFLP 
CNLP 
DHTCLP 
DHTP 
T55 
P 5 5  
PCBLDU 
B L D U  
T2 4 
P24 
T2 5 
P2 5 
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UA D 
UP D 
gig24 
FAR24 
ETAD 
DPDUC 
ET AF 
ETAC 
El lATHP 
EI'ATLP 
A H 5 5  
AU 25 
T6 
P6 
PS 6 
AU 6 
V6 
UG6 
T7 
WFA 
GIG 7 
FAR7 

DPAFT 
PS 8 
A #  8 
v9 
PS9 
A M  9 
v9 
PS28 
AM28 
v2 8 
PS 29 
Ail  29 
V2 9 
BY PASS 
HPEXT 
WFT 
UG T 
V A  
FR D 
CVMNOZ 
VJM 
CVDNOZ 
V J D  
F G  M 
FG P 
THEEND 

Er A A  

S D A T A I N  ISPOOL=~,FAN=.TRUE. ,SI=. IALSZ. ,IDES=I,MODE=O,  IDUMP=I,IA~TP=O, 
I G A S N X = 2 ,  I T R Y S = 2 0 C ,   F X F N 2 N = .  F A L S E . ,  P X ! l 2 C P = .  FALSE. I AFTFAN=.  F.9LSE.  , 
DUliSPL=.TRUE. ,TOLALL=.0001 ,DELPG=l.3,DELFN=1'.@,DELSFC=l.O,PCNFDS=7G2.31, 
P R F D S = 2 . 9 9 6 , E T A F D S = . 8 4 9 9 , P C N C D S = 9 8 . 7 3 , P E ~ D S = 8 . 4 € 2 I E T ~ ~ C S = . ~ l 3 6 , T ~ D S = 2 ~ ~ 2 . O 4 ,  
ETABDS=1.~0,D~CODS=.O56l,ETHPDS=.~713,E~LPDS=.~O2l,DPD!J~S=.O5~~,T7~S=35~3.6, 
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ETAADS=.9430,DPAFDS=.O599,Afi55=.283,AMS=.243,CVUNOZ=.9494,UAFCDS=221.573, 
YACCDS=54.988,HPEXT=O.O,A~=O.O,ALTP=O.O,PCBLF=O.O,PCBLC=.l6,PCBLDU=.208, 
PCBL3B=O.O,PCBLHP=.726,PCBtLP=.~66,AH23=.17O,ZFDS=.8333,ZCDS=.814~, 
PPHPDS=53.0,CNHPDS=2.0~,TFLPDS=130.0,2NLPDS=2.3,XNHPDS=1007O.~XNLPDS=9~51., 
PUIHP=3.80,P8lILP=~.50,VFAN=2.31,VCO~P=1.65,VCOMB=1.6S,VHPl!RB~.505, 
VLPTRB=.518,VAFTBN=49.77,VFDUCT=lO.OS &END 
L D A T A I N  HODE=2,UFB=2.75,ITRAN=O,IDES=O CEND 
EDATAIN UODE=2,WPB=2.?5,ITRAN=l,IA?lTRXr) SEND 

138 



PhN DESISN  PRFCP= 3 . 4 7 5 2 3 4 7 6 E   0 1  

RIDDLE SPOOL DESIGN P P I C P =   3 . 1 0 3 3 3 0 0 0 E   0 1  

C3NPRESS3R  DESIGN P F C C P =  n . 1 ~ 2 2 1 2 5 ~  01  

C31BUST3R  DESIGN UA3CDS= 3 . 1 1 3 3 8 5 7 1 E   0 2  

H.P. TURBINE DESTGY CNHPCF= 0 . 9 1 0 2 1 4 6 9 1  00  

L.P. TURBINE  DESIGN  CNLPCP= 3 . 1 0 3 1 0 3 1 8 3   0 1  

TURBENE/DUCT AREA DESIGN A 5 5 =   3 . 9 1 9 1 7 5 9 5 E  0 1  
AFTERBURNER DESIGN A F B A  A6 6 . 9 4 3  

N 3 Z Z L E  DESIGN A B =  3 . 2 9 3 3 7 9 3 4 ~  n1 
ouwur API= 0.000- 

M I D D L E  SPOOL I S  DUNRP 

THE 3lJTPUT I S  I N  ENGLISH  UNITS 
N3 LIRPL3U  INTO W I N G  

PCNF 
0.1D231CE 03 

PCNC 
0 .119165E  33  

0 . 5 1 9 6 7 0 E   0 3  
T 2  

PCBLF 
3.001133 

9 . 7 2 5 3 0 0 ~  o n  
PCBLHP 

0. 1 1 5 6 2 4 E   0 3  
U A 3  

0.5@!lOOOP D2 
TPFRP 

0 . 1 3 0 0 0 0 E   0 3  
TPFLP 

'3.20900GE O@ 
PCBLDU 

O.AR5953E 0 2  
U B D  

0 . 8 4 0 9 c n 5  ro 

0 . 1 u 1 3 u o x  cu 

ET 4 P  

T6 

ALTP= 

ETAPCP= 0.9R54R257E 00  UAPCP= 3 . 3 5 5 2 7 9 3 1 E  3 3  r 2 b S =   3 . 5 1 9 5 5 9 9 2 E   3 3  

EIAICF=  F.10300000E  01  RAICF=  F.lOC00r20DE  91  T22DS=  3.7U225432F  33 

ETACCP= 0 . 9 5 3 5 1 7 3 5 E  00  WACCF- 3 ,5617377113   93   F21DS=  3 .7u236402E  03  

ETABCP= o . l o o n o o n o E  01 

TPHPCP= 0 . 2 7 6 2 1 7 0 8 E   0 1  ETHPCP= 3 .95R11114E 3 3  D A A P Z P -  3 . 1 2 2 3 3 2 9 9 E  3 1  

TPLPCP=  0 .17567140E  01  EFLPCP=  3 .13225143E  01 OHLPCP= 0 .2462232SE n l  

A155= 0 . 2 3 3 3 5 8 9 7 3  00 A25=  0.12855591E 01 AF25= 3.3335323UE 3 3  

A R B =  o .1nooooooe  01 A9= 0 . 2 9 4 3 7 8 9 $ L   3 1  AR9= 0.10033000E 01  

D.102310E  01  
CNP 

'7.397300E 3 0  
2NC 

9 . 1 5 9 9 9 2 E   0 2  
SLHP 

0.27Y976E  01 
WQB 

0.2r)@00DE  01 
CNHP 

0. TU= 2 8 9 2 . 0 4  

3 . @ 3 3 3 " 3 E  O O  
ZP 

r ) .Blu30gE 0 0  
ZC 

3 . 7 4 2 9 6 4 E   3 3  
T2 1 

C. l E O O O O ?  " 0  
PCBLl 

'?. 6 6 C 0 0 0 E - 3 1  
PCBLLP 

@ . 1 1 8 3 7 4 E   0 3  
U3Y 

? . 7 3 4 2 9 7 E - 3 1  
DHTCHP 

3 . 4 2 2 9 9 8 E - 3 1  
DHTCLP 

3 . 7 9 1 9 2 6 E  0 3  
T2Y 

'7 .895353E  02 
HZ20 

c.Q713QOE 3 3  
ETArHP 

0.25C328F: 3 1  
PS6 

0 . 2 9 9 6 0 0 P   0 1  
PRP 

0. PU6200E 0 1  
PR C 

0.29OOOOF 01 
P2 1 

0 .220237E 0 2  
B L C  

0 . 1 4 c 3 5 7 E   0 1  
F L L P  

0 . 2 3 7 8 1 9 E - 3 1  
PAFB 

3 .212362E  33  
DHTC 

0 . 9 8 9 5 l l E  0 2  
DHTF 

0 . 2 3 2 1 0 3 ?   0 1  
P2 u 

PA720 
P . 0 0 3 3 3 1  

0 . 9 3 2 1 0 3 ~  3 3  
EIAPLP 

0 . 2 1 ? ( l Q O E  3 3  
4 7 6  

( r . 221573E  03  
PAP" 

3 .549890E  02  
U A C C  

r 3  
9 . 1 0 5 7 5 3 5  0 4  

PCBL39 
3.0~1336 

3.29929 '45  3 U  
r4 

1 . 1 0 3 3 0 0 E  0 1  
ETA 9 

3 . 2 1 9 3 8 2 1  0 4  
1 5  

0.17331)qE JY 
T 5 5  

r 2 5  
7 . 7 9 1 4 2 5 1   ? 3  

ETAD 
n .  n g 3 3 o o  

3 . 2 9 3 3 5 3 E  O C  
4 Y ? 5  

? . 9 3 7 2 0 9 E   0 3  
v5 

0 . 2 2 1 5 7 3 9  0 3  
RAP 

3 . 1 3 7 5 4 3 9   3 3  
R A ?  

3 . 2 5 3 j 2 2 E   3 2  
P 3  



0 . 1 4 1 3 4 9 E  O u  
T7 

0 . 1 3 7 6 2 0 E   0 1  
PSFl 

P S 2 8  
o . o n 3 7 n o  

0.6097027 0 0  
BYPASS 

0.9494OOE P O  
CVMNOZ 

N 4 T 8  S O N 7 2  C O N V E R G E N T  N 0 7 Z L E  

C O N V E R G E I )  AFTER 1 LO@PS 

W FA 
c . o o o @ o D  

n. 1 0 ~ 3 O O F  3 1 
B M8 

A Y28 
0.000000 

qnTZXT 
n.oo3cro 

0 . 1 5 R a O Q E   0 4  

PO= 1 3 4 2 9 . 4 4  

vsn  

0 . 2 2 4 3 2 2 E  0 3  
W G7 

3 . 1 6 7 4 1 6 P  0 4  
v3 

v 2  R 
o.n000’)0  

0 . 2 7 4 9 7 5 F  0 1  
W PT 

CVDN37, 
0.000030 

0 . 1 2 4 1 0 2 E - 0 1  
PRR? 

0 . 1 3 7 6 2 O P   P l  
PS 9 

PS29 
0.003333 

9 . 2 2 4 3 2 2 E  3 3  
WET 

V J D  
0 . 0 0 0 ~ 3 3  

P N =  1 3 4 2 9 . 4 4  

ETA1 
n.9q373@ 

O.l!3303E ’31 
l a 9  

RY22? 
~ . 3 0 ’ ) 3 0 0  

V A  
3.303nbO 

3 . 1 1 3 3 1 9 E  0 5  
FSU 

3.5393D3E-31 
DPAPP 

0 . 1 5 7 3 l j E  3’4 
V9 

v 2 9  
O.OO! I@@0 

FRD 
~.000300 

0.23476OF 0 4  

SPC- 3 . 7 3 7 1 2  

F;P 



C3UU3N 

0. l O O O O O E  01 
3 .2548813   01  
0.161871E  01 

0.000000 

0.000000 
0.000000 

0.187311E  03 
0.2749763  01 
3 .7429643   03  
0.134363E  03 

3.11752353 0 1  
0.4372083  03 

0.000000 
0 .1023103   03  

0.000000 
0.360485E  03 

0.2080003 00 
0.2103423 0 4  

0. 1 0 0 0 0 0 3   0 1  
0 .2749763  01  
0.2202373 02 
0 .7423643   03  
0.4580933  01 

0.000000 
0.000000 

0.1342943  05 
0.949400E 00 
0.1241  023-01 
0 . 1 3 4 2 9 4 3   0 5  
0.1602183  01 

0 .1756713  01  
0.457067E  03 

0.1300003  03 
0.846200E  01 

0.000000 

0.8850533 02  
3.1593923  02 

0.3107953 04 
0.1397143 04 
3.1777983  01  
0.2551053  01 
0.100OOOE 0 1  

0.000000 
0.2996003  01 
0 .5665343  01  

0.000000 

0.5147563-84 

0.833300E 0 0  

0.1778593  03 
0.781926E  03 

0.000000 
0.000000 
0.000000 

0.584000E-01 
0.161871E  01 

0.128557B  01 
0.000300 

0.208927E-01 
0.2762173  01 
0.9854833 00 
0.549880E 02 

0.750000E 00 
0.000000 

0.1156243 0 3  
0 .5470641   03  

O.lOO0OOE 0 1  
0.000000 

0.833300E 00 
0.111699E 0 4  
0 .2996003  01  

0.000000 
0.003000 
0.000000 
O . O @ O O O O  
0.000000 
0.000000 

0.134294E 05 
0.1376483 03 
0.184187E  01 
0.1031033 01 
0.230000E  01 
0.8136003 00  
0.9873008 00 

0.000000 
0.000000 

0 .2243223  03  
0.2438423  01 
0.2948793  01 
0.350636E  03 
0.1413493 04 
0.843000E 00 

0.000000 

0.000000 
0.000000 

0.040000 

0.132313E  03 

0.1703303 00  
0.187311E  03 

3 .000000  
0.000000 
0.000000 

0.531030B-01 

0.518670E  03 
0.135817E  03 

0.517369E  03 
0.2833593 00 
0.913215E 0 0  
0.3562783 00 

0.5714299 00  
0.2336003  01 

0.113P55E  02 
0. l O O O O O E  0 3  

0.233003E  01 
0.1337059  01 

0.1333009  01 
0.100000E  01 

3.300300 
0.177859E  03 

0.000000 
3.000000 
0.000000 
3 .  O D O O O O  
0.000000 
3.000000 
3.000000 

0.742964E  03 
0.133000E  03 
0.102251E 01 
0.932100E 00  
3.1376II9E  03 
0.846200E  01 
0.1Pj357E  01 
0.1358179  03 
0. 141349E  04 
0.455909E  03 

0 .1777933  01  
0.000000 

0.255105E  01 
0.5990003-01 
0.253522E  02 
0.264794E  01 

0.000000 

3.571429E 3 0  

3.826058E  03 
0.1618713  01 

0.000000 
0.000000 
0.000030 

0. l O O O O O E  01  
0.2066453-01 
0 .5186703  03  
0.289204E 3 4  
0.5676713  03 
0.968111E 30 
0.1023103  03 
0.849900E 00  
0.lOOOOOE 0 1  

0.000033 
0.2892343 0 4  

0.871300E 3 0  
0.134363E  03 

0.150000E  31 
0.100000E  01 

0.000030 
0.16021RE  01 

0 . 0 0 0 0 0 0  

0.000030 
0.900010 

0 .  l O O O O O E  31  
0.000000 

O.llO818E  05 
0. 1000003   01  
0.74296UE 33  
0.230OOOE 01  
0.246223E  01 
0.4228883-01 
0.81439OE 0 0  
0.813600E 00  

0.2066453-01 
0.000000 

0.2713593  01 
0.2596313 00 
0.1200593 04 
0.2948793 0 1  
0.3506363  03 
0.118992E  05 
3 .2599323  33  
0.334481E  03 

0.000000 

0.100000E  01 

0.791926E  03 
rJ.383683E 00 

0.000000 
0.000000 
0.000000 

0.885053E  02 
3.178909E 0 4  
0.100000E  01 

3.418175E  01 
0.122383E  01 
3.299600E  01 
0.814300E 00 

0.518670E  03 
0.000@00 

0.784627E  03 
0.208327E-01 
3.734297E-01 

O.1OOOOOE 01 
0.lOOODOE 01  

3 .3604853   03  
0.003000 
0.000000 
0. on3000 

0. lOOOO0E 01 
0.158944E  0u 

9.10000FE  01 
0.000000 

3,13764913  03 
3.902100E 00 

0.8895111  02 
0.003000 

0.118165E  03 
0.F03300 

3.458093E  01 
0.398790E  02 
3.350635E  03 
0.690294E  01 
3.1376203  01 

0.000000 
0.1777983  01 

0.003000 
0.239290E  02 
0.255105E  01 

3 . 2 8 9 2 0 4 ~  04 

D . ~ ~ ~ O O O E - ~ I  

0.914300E 03 

0.2996005  01 
3.731926E  03 

0.00'3007 

3.539702E 03  
0.000033 

3.2597913  01 
0.000003 

3.123J13E 0 3  
3.21F3U2E O U  
3.2503R49  01 
0.500000E  32 
0.339903E 30 
3.102313E  01 

3.123919E  33 
0.009393 

3.18385W  71 
0.726300E 30 
3.2123523 0 3  
0.137F48E  03 
3.1333039  31 
0.561  003E-01 
0.2215732  03 

0.000073 
O.onOOD3 

3.lr)ooooE  31 
0.003339 

0.274375E  01 
3.234760E 3 5  
0.10000OP:  31 
3 .1525473  31  

0.0003-3 

3.199221E  01 
0,003373 

0.15FOOOE 3 3  
3.519983E  02 

0.000300 

3.224322E  03 
0.243OOOE 3 3  

0.3583603 94 
7.1574153 31 
0.12P059E 09 
0.3b3OFOE 30 
3.9573359 3 4  
3.586167E 3 3  
3.2537853  03 

O.l lA155E  ?3 

3.15731217 3 3  
3.2921333 Dl 

0.595053E  32 
0 . 3 3 3 3 3 9  

3.791925E 0 3  

3.153113E  01 
0 .4570671  33  

0 .57795lE  33  
3.177375E  01 
0.2039)OE  31 
0.221573E 03 

n . 3 7 3 3 o o  

0.221573E  03 

0 .1591335  31  
3 . 3 0 3 3 7 3  

3.118373E 03 
0.300030 

0.500000E  02 
0.5038301  32 
3 .1376489   03  
0.102313E 3 3  
3.1376889 3 3  

0.~0000@ 
3 . 3 0 3 3 3 3  
0.3030@0 
0 . 3 3 3 3 3 7  

0.110819B 0 5  
0.742953E  33 

0.303033 
0.5030~0 

0.3505179 Or!  
9 . 3 3 3 0 3 3  

0.997310B  32 
0.137699E  33 
0.221573E  33 
3.2431300 3 3  
0.1241323-01 
3.191319E 3 8  
9.1033003  01 
0.137623rJ  31 
0.509333E-I1 
0.2'996308 0 1  
0.556533E 31 
3.2821335  01 

e . 2 2 9 3 2 2 ~   3 3  

3. 233234E 0 

0 . 1 6 1 4 5 ~ ~  n 
0.1973115 C 

rJ.OD030 
3 . 0 3 0 3 3  
0.00ooo 

3.2821333 3 
0 . 1 8 1 1 1 8 7 ~  n 
n. 1 6 0 2 1 8 ~  0 

r . 2 6 ~ 9 2 ~ ~  n 

o.nnoo3 

3.1937759 fl 

0 .371303E 3 

0.a33300E 0 
3.030?3 

3.237313E-0 
9.146753E 0 

0 . 5 5 3 3 0 3 E - 3  
0. l O O O O O E  0 
3 .133393E fl 
9 .2709765 F 
3 .  1333'33E 0 

3.13313 r). o(l0on 
0.03319 
0.00000 

3.737123E !l 
0.0703r) 

@.23U760E 0 
7. 1773533  0 

3.31030 

0.561738E 0 
3.95'130 

0.07?3? 
~ . O O O O @  

3.549393F 0 
3.53'123$5 3 
0.4E3560E-o 
'3.353536E @ 
0 . lo1349E 0 

0.1269529 n 
3.03933 

0.1337359 @ 

0 . 1 7 w n 9 ~  o 

0.1674163 n 

3 .  u 7 2 a b 3 P  3 



A M =  0.333 ALT D= 0. T U =  2892 .13  

N3 A I R F L O W  I N T O  W I N G  
T H E  JUTPUT I S  IN ENGLISH UNITS 

0 . 1 0 2 3 1 0 ~  n3 
PCNF 

0.113165E  33 
PCNC 

3.510670E  03 
T2 

PCBLP 
9.003133 

0.725300E 30 
PCBLHP 

0. 115628E  03 
H43 

0 . 5 n r ) o 0 1 ~  02 
TFFHP 

0.130000E  03 
TPFLP 

0.209DOOE 0 0  
PCBLDU 

0.884967E  02 
W A D  

O.PU9891E 00 
ETAP 

0.11(1358E OU 
T6 

0.141358E 04  
T7 

0.137622E  01 
PSS 

PS2fl 
0 .000030 

0.503619E 01 
PYP4SS 

0.94JUQOE 0 3  
C V Y N O Z  

M L I N  SONIC CONVERGENT N O Z Z L 9  

C O N V E R G E D  AFTER 44 LOOPS 

7 . 1 0 2 3 1 0 ~  n l  
CNF 

0 .3972893  0 0  
ZVC 

9LF 
0.030030 

7.1   i9897E 0 2  
PLHP 

9.275000E  01 
W FB 

Q. 1 9 9 9 9 7 ~   n 1  
CNAP 

3.2299962”  01 
CNLP 

3 . 9 5 8 1 0 8 E   3 1  
n L D O  

W PD 
0.000000 

0.813597E 0 0  
El! AC 

0.271363E  01 
P6 

W FA 
0.000000 

0.1 OOOOOE 01  
A 18 

A M2P 
0.000000 

F!PEXT 
0. O O O O D C  

9.1589UqE Ok 

FG= 13429.68 

V J M  

3.5’3379B 011 
ZP 

0.81U304E “ 0  
Z:: 

3.7423’31E 0 3  
T2 1 

0.160r)r)OE 0 0  
PCBL:: 

O . F S ~ ~ O O E - O I  
PCBLLP 

C.118378P  03 
US4 

0.73u333E-Dl 
DHTCHP 

DRTCLP 
0.4229313-01 

0.7fl1349E  03 
T24 

0 . 8 8 4 5 5 7 E  32 
HZ24 

0.R71232E 9 0  
EPATHP 

0 .2605143   01  
P5 6 

c .2243183  0 3  
W G7 

0.167421E 0 4  
V f i  

V2R 
0.000000 

0.275?90E 0 1 
HPT 

C V D N O Z  
0 .330030 

0.299619E 01 
PRF 

0.946187E 01 
PRC 

0.299610E  01 
P2 1 

0.22n244E 02 
9LC 

0.145361E  01 
BLLP 

0.2379312-01 
PAP4 

3.212365E  33 
DHTC 

0.889531E  02 
DSTF 

0.2821238  01 
P2 4 

PAR24 
o.no3333 

0.932100E 3 3  
ETATL? 

3 .2430143  3 3  
A M E  

3.124115E-31 
PAP? 

0.137622E  31 
PSO 

PS29 
0. 000007 

0.224318E 0 3  
w r  

V J D  
0.00003’) 

PN= 13429.53 

(1.221333E  33 
HkP: 

3.5U99’3B 02 
W ACC 

O . l U 5 7 5 5 E  94 
1 3  

PCB1.38 
0. Q’53330 

0.299213E 04 
14 

3 .103330E  91  
ETbB 

0.213350E 0 4  
T5 

0.175315E 34 
1 5 5  

0.7!!13’+9E 03 
r 2 5  

ETAD 
0.000300 

0.283277E 0 0  
AM55 

3 .437283E  33  
v5 

ETLA 
3 .  m 7 o o  

3.133303E  01 
An9 

k823 
3 . 0 0 3 ~ 3 0  

Vb 
0 .309303  

0 .110323E  35  
FGM 

0.221553E  03 
W4P 

D.137553E  03 
we: 

?. 253531E  02 
?3  

3 . 2 3 9 3 1 l E   0 2  
PU 

0 .5699958-01  
9PCDU 

0.56656!!! 0 1  
?5 

0 . 2 j 9 3 1 3 8   3 1  
P55 

0.232123E e25  3 1  

0.583915E-01 
DPDOC 

0.343563E 00 
~ n 2 s  

0 .224318r  03 
W:6 

0.598999E-01 
DPAFF 

0. 1 6 7 4 2 1 1  0 4  
v3  

v29 
0 . 7 3 3 3 3 3  

FR D 
0.0313113 

0 .2347728  0 4  

SPC= 3.73717 

F3P 



THIS I S  THE S.S. SOLUTION 
1.1999E 04 9.8740E 03  1.3374E  02  2.5511E 00 2.5380E  02  2.5994E  02  2.53538  01 5.854SE 32  2.3212B 00  1.26958  32 
0.0296E  02  3.3450E  02  5.6667E 0 0  2 .39313   01   2 .9962E 00 2.6881E 00 

1 THE VARIABLE IS NO. 1 
~ ~~ -. 

-7 .3171E  01  -3 .07339 0 1  -3.27668-01  -1.lR03E-02  4.1193E-01  -6.2664E-01  -2.4549F-01  3.1092E 00  -5.3225E-J3  -2.3577E-31 
THIS C O L U I N  OF X = 

2.2132F 00 2.13143 0 0  -4.85203-02  -2.2794E-01  -8.9229E-03  -1.3619E-02 
ISIN = 1 
THE NEXT TRY FOR  PVRDOT = 2.1000E-02 

1 FAE V A R I A B L E  I S  NO. 1 
T H I S  COLUMN OF X = 

2.3252E 0 0  2.23923 0 0  -5.0937E-02  -2.3920E-01  -9.37903-03  -1.4299E-02 
-7.6818E  01  -3 .22749 0 1  -3.4394E-01  -1.23933-02  4.328313-01  -6.5794E-01  -2.5772E-01  3.255jE 00 -9.7893L-33  -2.1706L-01 

I3IN = 2 
THE NEXT T R Y  FOR PVQDOT = 6.46’353-33 

1 P H E  V A R I A B L E  I S  N3. 1 
THIS C O L U H N  OF X = 

-2 .33353  01  -9 .79023 0 0  -1.04p4E-01  -3.8113E-03  1.2784E-01  -2.0025E-01  -7.8123E-02  9.9131E-31  -2.3335E-33  -5.5122B-32 

I3IN = 3 
6.9470E-01  6.6957E-01  -1.5597E-02  -7.25053-02  -2.8418E-03  -4.1OU2E-03 

TAE NEXT T R Y  FOR PVRDOT = 6.59463-93- 

TAIS COLIJIN  OF X = 

7.1127E-01  6.8585E-01  -1.5908E-02  -7.41969-02  -2.9137E-03  -4.47019-03 

1 THE V A R I A B L E  I S  NO. 1 

-2.3825E  01  -1.0019E  01  -1.1736E-01  -3.9733E-03  1.3139E-01  -2.0512E-01  -7.9945E-02  1.0333E 0 0  -3.3451E-33  -6.7770E-02 

1;IN = 0 
THE NEXT TRY FOR PVHDOT = 6.5316E-Iq 

T H I S  COLUMN OF X = 
1.97923  01  -2 .03433  01  -1 .5850E-01  -7 .1504E-03  7 .83303-02  -1 .9911E-01  1 .3975E-02  -7 .73i3E-31  -1 .3313B-32  -2 .3541E-31 

2 T H E  V A R I A B L E  I S  NO. 3 

-4.9248E-01  -5.1828E-01  -9.07u7E-03 1.3229E-C’2 -1.2515E-02  -6.39363-03 
ISIN = 1 
THE NEXT T R Y  FOR  PVRDOT = 2.1000E-02 

2 T H E  V A R I A B L E  I S  NO. 3 
THIS COLUYN OF X = 
1.9717E  01  -2.13693  01  -1.7E8PE-31  -7.5196E-03  8.2510E-02  -1.9995E-01  1.46392-02  -1.955$E-01  -1.lQ57B-32  -2.4718E-’31 

-5.1652E-Ql  -5.4375E-01  -8.4892E-03  1.3855E-r)2  -1.3142E-02  -6.7167E-03 
I3IN = 2 
THE NEXT T R Y  FOR PVRDOT = 1.3119E-32 

2 T H E  V A R I A B L E  I S  N O .  3 
THIS C O L U Y N  OF X = 

-4.7846E-01  -5.03503-01  -7.9342E-03  1.2364E-02  -1.2151B-02  -6.2061E-03 
ISIN = 0 
THE NFXT TRY F O R  PVRDOT = 1.9419E-02 

1.52393  01  -1 .9748E  01  -1 .6362Y-01  -5 .3412E-03  7 .59098-02  -1 .R3685-01  1 .35318-02  -4 .5’I l lE-l l   -1 .7532g-52  -2 .2353P-31 



THIS C O L U N N  OF X = 
3 T H E  V A R I A B L E  I S  

1 .1369E-13  1 .7053E-13 
0.0000 -1 .81903-12  

THE R E X T  T R Y  FOR  PVRDOT 
3 T H E  V A R I A B L E  I S  

0.0000 -1.8199E-12 
1 . 1 3 6 9 ~ 1 3   1 . 7 0 5 3 3 - 1 3  

ISIN = 
THE N E X T  T R Y  FOR PVRDOT 

2 

3 P A E  V A R I A B L E  I S  

1.1369E-13  1 .7053E-13 
0,0000 -1.8190E-12 

ISIN = 3 
THE NEXT T R Y  FOR PVRDqT 

3 T H E  V A R I A B L E  I S  
PHIS COLrJflN OF X = 
4.0195E-01  3.9502E-01 
3.15483-03  -7 .53276-04 

T H E  NEXT T R Y  FOR PVRDOT 
3 T H E  V A R I A B L E  IS 

5 .33363-01  5.4212E-171 
6.1796E-03  6 .34043-06 

I G I N  = 5 
THE N E X T  T R Y  FOR PVRDDT 

3 T H E  V A R I A B L E  I S  

K I N  = 1 

THIS C O L D I N  O F  X = 

THIS COLIJMN OF X = 

KIN = 4 

rnIs C O L U M N  O F  x = 

THIS C O L U R N  OF X = 
c .3630E-01  5.4541E-C1 
E.2772:-03 2.3337'8-05 

I Z I N  = 0 

YO.  21 

-3.1338E-02  -3.0195E-06  -1.2791E-02  -5.5843E-14  -1.6559E-14  5.6943P-14  -9.39199-15  -3.1?79&-14 
-2.6645E-15  -1.O558E-14  -1.l ln2E-15  7.5495F-15 

= 3.0010E-02 
NO. 2 1  

-4.70363-02  -3 .53193-06  -1 .919flE-02  -5 .6843E-14  -1 .0658E-14  5 .59$3E-14  -8 .9818E-15  -3 .1974E-14 
-2.6645E-15  -1.0658E-14  -1.1102E-15  7.5495E-15 

= 6.0320E-32 
N O .  21 

-9.4153E-02  -9.0710E-06  -3.P429E-02  -5.58433-14  -1.0558E-14  5.53132-11)  -3.39139-15  -3.1314E-14 
-2.6645E-15  -1.0559E-14  -1.1102E-15  7.5495E-15 

= 1.2004F-01 
NO. 21 

-1.9268E-01  -2 .11366-04  -9 .3159F-02  -5 .5546E-07  -2 .04elE-04  6 .4j51E-33  -3 .23763-09  -2 .2589E-03 
-6. la24E-05  -1 .8479E-04  -2 .7794B-04  -1 .4139E-64 

i: 1.6561E-31 
Y O .  21 

-2.65858-01  -3 .07773-04  -1 .28299-01  4 .2093E-04  -3 .7643F-C1  1 .1353E-02  -1 .35339-37  -2 .7371E-33 
-9.5338E-05  -3 .4170E-64  -3 .81563-04  -2 .21553-04 

= 1.6662E-01 
NO. 21 

-2.5748E-Cl  -3.0397F-nU  -1.2907E-01  4.3C32E-04  -3.9023E-CU  l . l l55E-02 -9.1RQ?E-34 -2.8@95E-03 
-9 .3260E-05  -7 .1521f-04   -3 .83@7?-04  -2.2332Y-OU 

THE NEXT T R Y  FOR PVRDOT = 1.6562E-31 
4 T H E  V A R I A B L E  I S  NO. 1 8  

PHIS C O L U R N  O F  x = 
4.8549E-01  5.9564E-01  -P.OO909-04  -3.0337E-t'U  -U.2444E-03  4.5'76E-03  6.9387E-PU  -3.3355E-03  -1.4725E-I1  5.3672E-94 

-7.1111E-03  -1 .4450E-02  -1 .4293E-04  i .41RlE-04  -1 .00KlE-04  -3 .3533F-04 
K I N  = 1 
THE N E X T  T R Y  FOR  PVRDOT = 2.1000E-02 

4 T H E  V A R I A B L E  TS NO. 18 
T H I S  C O L U N N  O F  x = 

- 7 . 2 2 3 2 ~ - 0 3   - 1 . 5 0 3 6 ~ - 0 2   - 1 . 5 1 8 5 ~ - 0 ~   5 . 6 2 6 0 ~ n 4   - 1 . 0 5 3 2 ~ - 0 ~   - 3 . 5 6 0 5 ~ - 0 4  
5.069113-01  6.1445E-31  -8.34225-04  -3.236EE-04  -4.4055B-03  4.9619E-03  ' .1635F-C4  -3.9159E-03  -1.5'436E-04  7.1102E-bP 

TflE NEXT TRY FOR PVRDOT = 2.9749E-71 
I3IN = 2 



TAIS C O L U M N  OF X = 

-6.7640E-02  -1.71543-01  -3.2351E-03  6.4545E-03  -2.1053E-03  -5.1110E-03 
7.4853E 00 7.637113 00 -1.1174B-02  -1.6189E-03  -2.90161-02  7.3791E-02 

T H E   N E X T  TRY FOR P V R D O T  = 3.2296E-01 

4 PHE V A R I A B L E  I S  SO. 18 

IGIl = 3 

4 TAB V A R I A B L E  IS NO. 1 8  
T E I S  COLUMN OF X = 
8.1189E 00 8.2885E 00 -1.2105B-02  -5.10393-03  -3.1395E-02  7.6857E-02 

-7.27743-02  -1.8588E-01 -3.5186E-03  6.9745E-03  -2.2865B-03  -5.5522B-03 

T E E   N E X T  T R Y  FOE P V R D O T  = 3.2296E-31 
I G I l  = 0 

rHIS COLUMN OF X = 
5 TAE V A R I A B L E  IS NO. 19  

-6.08033-03 -9.3137E-03 -6.4744E-05  '+.5996E-04  -5.9319E-05  -1.5342E-04 
2.97643-01 3.3245E-01 -7.7204E-04  -1.5171E-04  -7.19443-02  2.08378-03 

TEE N E X T  rEY FOR P V R D O T  = 2.1000E-02 
I S I N  = 1 

5 THE V A R I A B L E  IS NO. 19  
TEIS C O L U H N  OF X = 
3.0968E-01  3.49151-01  -7.7398E-04  -1.51433-04  -7.54928-02  2.24358-02 

-6.1501E-03  -9.64292-03  -6.93551-05 4.711UE-Ou -6.1965E-05  -1.7450E-FU 

TEE N E X T   T R Y  FOR P V R D O T  = 1.42BOE-01 
m n  = 2 

5 TEE V A R I A B L E  IS NO. 19  
T E L S  C O L U M N  or x = 

-2.21283-02 -0.94593-02 -8.2344E-04  1-9540E-03  -5.6105E-01  -1.353RE-03 
2.06733 00 2.09633 00 -3.3099E-03  -1.2482E-03  -5.0414E-01  1.9802E-02 

T E E   N E X P  TRT FOE P V R D O T  = 1.4378E-01 
IGIN = 3 

5 T E E  V A R I A B L E  I S  NO. 19 
m s  COLUMII O F  x = 
2.OE06E 00 2.1100E 00 -3.3360E-03  -1.2569E-03  -5.076OP-01  1.Q923E-32 

-2.2217E-02  -4.97413-02 -8.2946E-04  1.95233-03  -5.65263-04  -1.3631E-03 

TEE N E X T  TRY FOE P V R D O T  = 1.43793-31 
rsrn = 0 

TEIS C O L U H N  OF X = 
6 rHE V A R I A B L E  IS SO. 9 

-7.20343-02 -6.71923-02 1.1057E-03  P.8496E-03  1.24921-04 2.9665E-OY 
1.8406E 00 6.61723-01 5.1501E-03  2.4570E-04  -1.99001-02  -1.57228-02 

TEE N E X T  TET FOR P V R D O T  = 2.1000E-02 
I n n  = 1 

rEIS COLUMN OF X = 
6 THE V A R I A B L E  IS NO. 9 

1.9285E 00 6.93673-01 5.4355E-03 2.5570E-OU -2.08463-02  -1.6475E-62 
-7.53763-02  -7.0390E-02 1.1584E-03  5.07552-03  1.3121E-04  3.0843E-04 

T A G   N E X T   T R Y  FOR P V R D O T  = 6.9021E-31 
I o n  = 2 

7.00368-03  -1.1335C-32  -2.741Ue-73 

7.5681E-l'3  -1.2195C-32  -2.377@E-03 

4.9677E-0'4  -4.5913R-33 -o.577jB-J5 

5.0OQDP-04 -1.Sn95E-33  -R.?P95E-35 

2.1195E-03  -7.5%151-03  -7.3375E-31 

2.1286F-03  -7.6311E-03  -7.3916E-0% 

5.19679-03  -1 .n335E-01  1 .?953E-I?  

5.43P7E-03  -1.0376R-01  1.366nE-34 

3 . 3  198E-93 

9.6OUOP-33 

-1.5115F-15 

2. F 675!7-n5 

Z.?C' lE-?3 

?.0714E-?3 

3.5757!?-?3 

3.7021'-03 



6 THE V A R I A B L E  I S  N O .  9 
rHIs C O L U H N  OF x = 

-2.U174E 00  -2 .27983  00 3.51731-02  1.636QE-01  3.83073-03  8.1555pl-03 
ISIN = 3 
THE N E X T  T R Y  FOR PVRDOT = 7.01373-01 

5.4457E  01  2.2088E  01  1.9765E-01  5.93943-03  -6.57153-01  -5.1162E-01  1.75378-01  -3.4959E 0 0  4.3349C-33  1.41683-01 

6 THE V A R I A B L E  I S  NO. 9 
T H I S  COLUNN OF X = 
6.5490E  01   2 .244lE 0 1  2.0082E-01  5.3177E-03  -6.6760E-01  -5-19733-01  1.7817E-01  -3-5513E 0 0  P.$647E-33  1.4395B-01 

-2.4557E 00  -2.31593 00 3.57353-02  1.66253-01  3.8914E-03  8.28523-03 
ISIN = 0 
T H E  NEXT TRY FOR PVRDOT = 7.01373-31 

THIS C O L U H N  OF X = 

4.7439E-02  4.56923-02  -9.89058-04  -4.37263-03  -1.78098-09  -2.68093-04 

7 T H E  V A R I A B L E  I S  NO. 8 

-7.0654E-01  -6.1130E-01  -6.3327E-03  -2.3391E-04  1.0078E-Q2  -6.7603E-03  -4.7135E-03 7.115013-32 -1 .37l lE- Ia   -1 . J435E-03 

I 3 I N  = 1 
THE N E X T  T R Y  FOR PVRDOT = 2.1000E-02 

7 T H E  V A R I A B L E  I S  NO. 8 

-7.4542E-01  -6.428OE-01  -6.65483-03  -2.46213-04  1.0595E-02  -7-12153-03  -9.9591E-03  7.5125E-32  -1.36U2E-34  -5.3555E-03 
THIS COLnrlN O F  X = 

'4 .9915E-02  4 .80593-02  -1 .04033-03  -9 .60048-03  -1 .8691P-04  -2 .3247E-04 
I3IN = 2 
THE NEXT T R Y  FOR PVRDOT 2.0730E-01 

7 P H E   V A R I A B L E  I S  NO. 8 
THIS C O L U H N  O F  X = 

5.42643-01  5 .20513-01  -1 .1326E-02  -3 .1507E-02  -1 ,99491-03  -3 .13253-03 
-3 .30663  3 0  -7 .1411E 00 -7.2577E-02  -2.7067E-03  1.11903-01  -8.95873-02 -5.55073-02 7.9255E-31  -2.1335C-33  -9.5758E-32 

IS IN = 3 
THE N E X T   T R Y  F O R  PVRDOT = 1.8961E-31 

7 PBE V A R I A B L E  I S  NO. 8 
rHIS  C O L D H N  OF X = 

-3 .50120 30 -6 .52773  00  -6.63551-02  -2 .1745E-03  1 .02253-01  -8 .1834E-02  -5 .07338-02  7 .1534E-31  -1 .3152E-03  -4 .27563-02 
$ .9532E-31  4 .7563E-01  -1 .0356E-02  -7 .7077E-02  -1 .8220E-03  -2 .9636E-03 

I3IN = 0 
THE NEXT T R Y  FOR PVRDOT = 1.8361E-I1 

9 T H E  V l R I A B L E  I S  NO. 1 1  

-3.5174E-01  -2 .97573-01  -4 .4384E-03  -1 .5810E-04  -1 .34 '39E-02  -9 ,31363-03  -2-23929-03  -2 .7072!?--02  -1 .1015E-31  -3 .6535E-03 
-1.86188-02  -1.38973-02  -4.7123E-04  -2.1165E-03  -1.7268E-0'4  -1.7090E-04 
I 3 I N  = 1 

THIS C O L q B N  OF X = 

THE N E X T  P R Y  FOR PVRDOT = 2.1000E-02 
8 TSE V A R I A B L E  I S  NO. 1 1  

r R x s  C O L U Y N  O F  x = 
-3.9258B-01  -3.12969-01  -4.5602E-33  -1.5104E-04  -1.4181E-02  -9.78823-03  -2.4205E-03  -2.R149t?-02  -1.78431-34  -3.8476E-03 

ISIN = 2 
-1.9'495?-02  -1.4561E-C2  -4.9692E-0U  -2.2912E-03  -1.9106E-04  -1.8089E-04 

T H E  N E X T  TRY FOR PVRDOT = 9.0727F-31 



8 THE VARIABLE I S  NZ). 11 

-1.9214E  01  -1.44943  01  -1.7529B-01  -3.2114E-03  -5.R079E-Cl  -4.2135F-@1  -1.1405E-01 

I3IR = 
-7.11423-01  -5.33353-01  -2.33603-02  -1.07753-01  -7.85613-03  -9.1385E-03 

3 
THE N E X T  TRY POR PVRDOT = 9.6865E-01 

rHIs C O L U M N  OF x = 

8 THE V A R I A B L E  IS NO. 1 1  
PHIS COLIJMN OF X = 

-2.0750E  01  -1.56533  01 -2.1079B-01  -3.95u8E-03  -6.26693-01  -4.5485E-01  -1.2315E-01 
-7.6735E-01  -5.75213-01 -2.52193-02  -1.16353-01 -R.U824E-03 -9.8655E-03 

THE REX? TRY FOR PVRDOT = 9.6455E-31 
ISIN = 0 

9 T H E  V A R I A B L E  I S  NO. 20 
THIS COLUNR OF X = 

1.1369B-13  1.70531-13  -2.h645E-15  -1.35581-14  -1.ll02E-15  7.54953-15 
0.0000 -1.8190E-12  8.9617B-03  9.5175E-06  1.4912E-02  -5.5843E-14  -1.0559E-14 

ISIN = 1 
THE N E X T  TRY FOR PVRDOT = 3.0010E-02 

9 THE V A R I A B L E  I S  NO. 20 
lHIS COLUNN OF X = 

8.95883-03  9.97253-03  3.5079E-07  -1.1116E-03  -1.99623-04  9.7371E-0'. 
0.0000 -3.63803-12  9.2855E-03  3.7789E-05  1.9986E-02  -5.2849E-@3  -1.1735E-03 

ISIN = 2 
TAE NEXT T R Y  FOR PVRDOT = 6.0320E-32 

TAIS COLUMN OF X = 

1.0154E-03  -6.25823-03  -1.2821E-04  5.52073-05  -2.8370E-04  -2.3365E-04 

9 I'HE V A R I A B L E  I S  NO. 20 

5.4729E-01  6.0113E-01  2.3183E-02  -2.9048E-04  2.18008-02 2.3942E-C13 5.5383E-95 

I G I N  = 3 
THE NEXT TRT FOR PVRDOT = 1.2866F 00  

9 THE V A R I A B L E  I S  NO. 20 
rHIs COLUCIN OF x = 
1.1725E D l  9.83753 00  4.7984E-01  -5.2927E-03  5.0140E-01  U.7F02E-02  -7.9595E-03 
8.12733-02  -2.9457E-02  -5.8257E-03  -7.38748-03  -7.78763-03 -5.9902E-03 

ISIN = 4 
THE NEXT TRY FOR PVRDOT = 8.1576E-31 

9 PHE V A R I A B L E  I S  NO. 20  
THIS COLUCIN OF X = 
7.6117B 30 6.411bE 00 3.0664E-01  -4.0748E-93  3.3765E-01  3.2000E-02  -4.2'97E-03 
4.4781E-02  -3.13478-02  -3.6815E-03  -3-9566E-03  -4.8658E-03  -3.92461-03 

ISIN = 5 
THE N E X T  T R Y  F O R  PVRDOT = A.2120E-01 

9 THE V A R I A B L E  I S  NO. 20 
THIS COLUCIN OF X = 
7.6608E 00 6.45363 00 3.0867E-01  -1.1322E-03  3.39911-01  3.2221E-02  -4.3989E-03 
4.5156E-02  -3.1488E-02  -3.70718-03  -3.9984E-03 -4.8bAUE-03 -3.3510E-03 

I3IR = 0 
THE NEXT TRT FOR PVRDOT = 8.2120E-31 

-1.C963P D O  

- 1 . 1 7 2 5 ~  ao 

5.5973E-14 

7 . ?1259-03  

5.55153-13 

~ . I D $ ~ E - ~ I  

1 .21437-31 

1.223sE-0 1 

-7.7539B-33 -1. 55q?1-01 

-8.377UE-03  -1.692EF-01 

-9.3313E-15  -3 .137QE-lu 

-2.1439E-08  -3.1100E-03 

-3.4'4519-I4 -1.235iE-71 

-8.3429E-93  -US7S09E-n2 

- 5 . 5 3 3 9 t - l ?  -2 .55338-37 

-5.541'19-33 -2.8775E-?2 



THIS COLOHN OF X = 
1 0  TRE VARIABLE I S  NO. 5 

-1.2695E-02  -5.2099E-03  1.1571E-05  4.6941E-04  -1.1102E-15  1.8515E-04 

THE  NEXT  TRY FOR PVRDOT = 3.0310E-32 

0.0000 -1,81903-12  -2 .6030E-03  1 .4415E-04  -3 .7263E-04  -5 .1384E-03  5 .0135E-08  -1 .52QlE-02  9 .3429E-06  -3 .0326E-03 

IsIn = 1 

1 0  T H E  VARIABLE I S  NO. 5 
THIS COLOHN OF X = 

-5.6660B-03  -3.85323-03  2.1621E-04  2.30693-04  1.14173-01  1.22418-04 
-2.7209E-01  2.87113-01  -2.6338E-03  1.1297E-04  -6.4521E-03  -5.57523-03  2.4695E-04  -1.0345B-02  1.1115E-l?  -2.31?3E-33 

ISIN = 2 
TAB N E X T  T R Y  F O R  PVRDOT = 2.85102-02 

1 0  THE V A R I A B L E  IS NO. 5 
rHIS COLOHN OF X = 

-2.55361-01  2.7342E-01  -2.4997E-03  1.0823E-04  -6.1344E-03  -5.37703-03  2.4199D-08  -9.51579-33 9.5847E-95 -1 .9297E-03 
-5.46443-03  -3.72013-03  2.07473-04  2.2638E-04  1.0827E-04 1.175UE-OU 
ISIW = 3 
THE NEXT T R Y  FOR PVRDOT = 3.8728E 30 

THIS COLOHN OF X = 
1 0  T H E  VARIABLE I S  NO. 5 

-1 .34303  01  3 .5910E  01  -3 .3321E-01  9 .7761E-03  -9 .35193-01  -7 .1909E-01  1 .4117E-02  -1 .3133E 3 0  1.4935E-32  -2 .7133E-31 
-7.0357E-01  -5.44293-01  1.A621E-02  1.33241-02  1.5841B-02  9.129UE-03 
I311 = 
TAL NEXT T R Y  FOR PVRDOT = 4.0697E 0 0  

4 

THIS COLUMN OF X = 
1 0  THE V A R I A B L E  I S  NO. 5 

-4 .55383  01  3 .77373  01  -3 .5009E-01  l . r )274E-02  -9 .8253E-01  -7 .9717E-01  1 .5019E-n2  -1 .3771E ' I C  1.1751E-72  -2.5399E-01 
-7.3901E-01  -5 ,71673-01  1 .9568E-02  1 .4503E-02  1 .6648B-02  9 .5942W-n3 
ISIU = 0 
THE NEXT T R Y  FOR PVRDOT = 4.0597E 3'7 

1 1  T H E  V A R I A B L E  I S  N3. 1 3  
THIS C O L U H N  OF X = 

0.0000 -1.8190E-12  -3.90ROE-14  -2.2204E-16  P.1712E-14  -5.5843E-1Y  -1.0658E-14  j.5313v-14  -9.3919E-15  -?.137C?-14 
1.1369E-13  1.7053E-13  -2.6645E-15  -1.0558E-14  -1.11r)2R-15  7.5495E-15 

I G I N  = 1 
THE N E X T  T R Y  FOR PVRDOT = 3 . 0 0 1 r ~ - 0 2  

11 T H E  V A R I A B L E  I S  90. 1 3  
T H I S  COLUHN OF X = 

0.~000 -1.8190E-12  -3.908OE-14  -2.2234E-16  8.1712E-14  -5.C443E-14  -1.065813-I4  j.5'173E-111  -R.391@?-15  -3.107UF-14 
1.13693-13  1.7053E-13  -2.6645E-15  -1.0658E-14  -1.1132E-15  7.5045E-15 

I a I n  = 2 
THE NEXT TRY FOR PVRDOT = 6.0320E-32 

TAIS C O L U H N  OF X = 
11 THE V A R I A B L E  I S  N O .  1 3  

0.0000 -1.8190E-12  -3 .9080E-14  -2 .7330E-05  -4 .5072R-03  -5 .5843E-14  -1 .0659E-lU  5 .5933E-14  -9 .39138-9 '   -3 .1?7Up-lU 
-7.7347E-03  -7.58293-03  -2.6645E-15  -1-355Al?-14  -1.1102E-15  -3.7RBOF-nS 
T3IN = 3 
THE N E X T  T R Y  FOR PVRDOT = 1.2'IfIUF-Ol 



1 1  THE V A R I A B L E  I S  NO. 1 3  
rms C O L U H N  OF x = 

-1.51563-02 -1-48581-02 -2.6645E-15  -1.055flE-14  -1.1102E-15  -7.U225E-P5 
0.0000 -1.8190E-12 -3.9080B-14  -5.35529-05  -8.831SE-03  -5.5843E-14 

THE NEXT TRY FOR PVRDOT = 2.4708E-31 
T3IN = 4 

rms C O L U H N  OF x = 
1 1  I A E  V A R I A B L E  IS YO. 1 3  

0.0000 -1 .81903-12 -3.908OE-14  -1.0601E-04  -1.74fllE-02  -5.6843F-14 
-2.99993-02  -2.94113-02 -2.6645E-15  -1.365flE-14  -1.1102F-15  -1.Y693P-04 

THE NEXT TRY FOR PVRDOT = 4.8016E-01 
I G I N  = 5 

r a m  C O L U R N  O F  x = 
1 1  THE V A R I A B L E  I S  NO. 1 3  

-5.12373-02 -4,85513-02 3.507%-07  -1.1116E-03  -1.9962E-04  -1.9500E-04 
0.0000 -3.638OE-12 -4.1595E-33  -1.65933-04  -3.71741-02  -5.2949E-03 

TRE NEXT TEY F O R  PVRDOT = 9.6032E-31 
I Z I N  = 6 

1 1   I R E  V A R I A B L E  IS NO. 1 3  
TKIS COLUHN OF X = 
1.08593 00 -1.8118B-01  -4.6142E-03 -3.3352E-04  -6.9070E-02  -1.9642P-03 

-1.08733-01  -1.29693-01  -3.2917E-04 1.56403-03  -3.99273-0s  -3.538OE"n4 

T I E  NEXT I R Y  FOR PVRDOT = 4.1972E 00  
IZIN = 7 

TAIS COLUHN OF X = 
11 T H E  V A R I A B L E  I S  NO. 1 3  

-5.00212-01 -5.59503-01 -1.76603-03 6.14993-03 -1.9968E-03 -1.6174R-03 
4.64271 00 -1.0551E 00 -1.99531-02 -1.5306E-03 -2.9521E-01 -7.7006E-P3 

I3IN = 8 
THE NEXT TRY FOR PVRDOT = 5 .25353  3 3  

11 IKE VARIABLE I S  NO. 1 3  
THIS COLUHN OF X = 

-8.ON373-01  -6.98571-01  -2.2544E-03  7.53403-03  -2.3838E-03  -2.3008E-03 
5.02223 00 -1.34771 00 -2.5029E-02  -1.93'483-03  -3.6885E-01  -9.346flE-03 

I G I N  = 0 
THE NEXT TRY F O R  PVEDOT = 5.2535E 0 0  

1 2  I H E  V A R I A B L E  I S  NO. 17  
MIS C O L O H N  OF x = 

0.0000 -1.8190E-12 -3.9080E-14 -2.22043-16 8.1712E-14 -5.6843E-14 
1.13693-13 1.7053E-13 -2.6645E-15 -1.06583-14 -1.1102E-15 7.5495E-15 

ISIN = 1 
THE  NEXT TRY FOR PVRDOT 3.09103-32 

1 2  I R E  V A R I A B L E  I S  NO. 1 7  
THtS COLUHN OF X = 

0.0000 -1.8190E-12 -3.90808-14 -2.2204E-16 8.17129-14 -5.5843E-14 
1.1369E-13 1.70533-13 -2.66453-15 -1.05583-10 -1.1102E-15 7.5095E-15 

-1.0559P-lY  5.5833F-14  -P.39194-15 

-1.0559E-14  5 .59 '130-14  -Q.33lQE-l j  

-1.1735E-03  7.312SE-33  -2.143o3-3U 

1.6783P-03  -2.2232E-32  -3.70919-19 

6.5999?-E3  -1.1573E-01  -1.775flC-13 

9.0852E-03  -1.81933-31  -2.2327B-33 

-1.OE5flE-14  5.5913E-14  -9.3918E-16 

- 1 . 0 6 5 9 E - 1 4  5.5913E-14 -9.3973E-15 

-3 .1q78E-lU 

-3.137UE-14 

-3.113OE-03 

-5.723SE-33 

- 2 . 7 3 ~ 3 ~ - 0 2  

-3.93129-32 

-3.1974E-10 

- 3 . 1 9 ' 4 E - 1 4  

ISIN f 2 
THE NEXT I R Y  FOR PVRDOT = 6.0020E-02 



THtS COLUMN OF X = 
1 2  T H E  V A R I A B L Z  I S  NO. 1 7  

1.1369E-13  -3.8457E-03  -2.6645E-15  -1.0558E-14  -1.1102E-15  7.54q5E-,15 
3.0300 -1.81903-12  -3.9080E-14  1.0397E-06  -2.28583-03  -5.58433-14  -1.05538-14 

ISIN = 3 
THE N E X T  T R Y  FOR PVRDOT = 1.23043-31 

1 2  r1fE V A R I A B L E  IS N O .  17  
rAIs C O L U M N  O F  x = 

0 .0000  -1.81993-12  -3.9090E-14  2.15413-06  -4.7358E-03  -5.58433-14  -1.0658B-14 

I G I N  = 4 
THE N E X T  T R Y  FOR PVRDOT = 2.4008E-01 

1.1369E-13  -7.967UE-03  -2.6645E-15  -1.0558P-14  -1.1102E-15  7.54953-15 

THIS COLOMN OF X = 
1 2  T H E  V A R I A B L E  I S  NO. 1 7  

1.1369E-13  -1.62123-02  -2.6645E-15  -1.06583-14  -1.1102E-15  7.54953-15 
0 .0000  -1.3193E-12  -3.9080E-1‘4  4.39301-06  -9.6360E-03  -5.6843E-lQ  -1.9658B-19 

ISTN = 5 
THE NEXT T R Y  FOR  PVRDOT = 4.8316F-31 

1 2  T H E  V A R I A B L E  I S  NO. 1 7  
PHIS CnLUNN O F  X = 

0 .0030  -1.8190E-12  -3.9080E-14  8.8U17E-06  -1.943QE-02  -5.5803E-14  -1.0658E-14 
1.1369E-13  -3.2703E-02  -2.6645E-15  -1.3558E-14  -1.11023-15 7.549513-15 

IlIN = 6 
THE N E X T  T 9 Y  F O R  PVRDOT = 9.6032E-01 

THIS COLUNN OF X = 

1.1369E-13  -6 .5695E-02  -2 .66459-15   -1 .0658E-14  -1 .1102E-15  7 .54953-15  

1 2  T H E  VARIASLE I S  NO. 17  

O . @ O O O  -1.8190E-12  -3.QO8OE-14  1.77f2E-05  -3.99493-02  -5.6843E-14  -1.0658E-14 

I3IN = 7 
THE NEXT f i Y  FOR  PVRDOT = , 1.9236E 3 3  

1 2  T H E  V A R I A B L E  I S  N 3 .  17  
THIS COLUMN OF X = 
3.3552E-01  4 .7398E-01  -3 .87443-04  -2 .0027T-04  -9 .4820B-02  3 .7991E-03  6 .95723-01 

-7.7955E-03  -1.4507E-01  -1.11086-04  5.43963-04  -5.736OE-05  -2.6730F-04 
I3IN = 8 
THE NEXT T R Y  FOE PVRDOT = 8.2593E 0 0  

THIS COLrJ-N OF X = 
1.5193E 0 0  2.0168E 0 0  7.62513-04  -1.01283-03  -4-05963-01  2.00R6E-02  2.197BE-03 

1 2  THE V A R I A B L E  I S  NO. 1 7  

-1.7851E-02  -6 .1737E-01  -6 .16378-04  2 .0306R-03  -2 .2664E-04  -1 .35583-03 
I3IN = 9 
THE  NEXT TRY FOR  PVRDOT = 8.9522E 2 3  

THIS COLUMN OF X = 
1.8955E 0 0  2.0020E 00 -9.1089E-04  -1.0094E-03  -u.3617E-01  1.9679E-02  2.4932E-03 

1 2  THE VAPIASLE I S  NO. 1 7  

-2.5673E-02  -6.6903E-01  -7.5975E-04  2.239UE-03  -3.8696E-04  -1.3196E-03 
I G I N  = 0 
TAE  NEXT T R Y  FOR  PVRDOT = 8 .95223  0 0  

5.59’43B-14  -8..381RE-l6  -3.1974E-14 

5.53339-11  -9.39193-15  -3.1974E-14 

5.5343E-14  -8.3818E-15  -3.197PE-14 

3.5943E-14  -5.3917E-15  -3.1374E-14 

5.5943B-14  -8.3918E-16  -3.1974B-14 

-3.5206T-33  -9.2319E-35  5.37323-34 

-5.7397E-03  -3.3423E-04 5.5663E-03 

-1.2742E-02  -5.1239B-31  3.6533E-03 



THIS COLUHN OF X = 

1.1369E-13  -3.8686F-04  -2.56451-15  -1.065AE-14  -1.1102E-15  -1.2609E-05 

1 3  THE V A R I A B L E  I S  NO. 1 2  

0.0300 -1.8190E-12  -3.9080E-lu  -9.8678E-06  -5.04233-09  -5.5943E-14  -1.05586-14  5.6913P-19  -8.9818E-16  -3.197UE-14 

I G I N  = 1 
THE NEXT TRY FOR PVRDOT = 3.0310E-02 

1 3  I R E  V A R I A B L E  I S  NO. 1 2  
THIS COLIJflN OF X = 

1.1369E-13  -5.80499-04  -2.6645E-15  -1.0658P-14  -1.1102E-15  -1.8919E-05 
0.0000 -1.91933-12  -3.9080E-14  -1.3306E-05  -7.56603-04  -5.5843E-14  -1.0558E-14  5.59'+31-11  -8.3819E-15  -3.137PE-14 

ISIN = 2 
THE NEXT T R Y  FOR  PVRDOT = 6.0020E-02 

1 3  THE V A R I A B L E  IS NO. 1 2  
THIS COLIJMN O F  X = 

1.13693-13  -1.1610E-03  -2.6645E-15  -1.0658E-14  -1.1102E-15  -3.7839E-05 
0,0000 -1.8190E-12  -3.908OE-14  -2.6512E-05  -1.5132P-03  -5.6843E-14  -1.0658E-14  5.5943E-14  -9.3818E-16  -3.1974E-19 

I3IN = 3 
TH3 NEXT T R Y  FOR PVRDOT = 1.27'?4E-91 

1 3  PHE V A R I A B L E  IS NO. 1 2  
rHrs C O L U V N  O F  x = 

0.0000 -1.6190E-12  -3.9080E-14  -5.32265-05  -3.0265E-03  -5.59435-14  -1.0558E-14  3.59133-19  -9.39199-15  -3.1314E-11 
1.1369r-13  -2.3220E-03  -2.661'5E-15  -1.0558E-19  -1.1102E-15 -7.5678C-n5 

I3IN = 4 
TfiE N E X T  rRY FOR PVRDOT = 2.4OCPF-01 

1 3  T H E  V A R I A B L E  IS 80. 12  
rHIS COLUHN OF X = 

o.@ooO - 1 . 8 1 9 @ ~ - 1 2   - 3 . 9 3 8 0 ~ - 1 4  - ~ . 0 7 ' 0 ~ - n 5  - 1 . 9 1 7 6 ~ - 0 3   - 5 . 5 9 0 7 ~ - 1 4  -1.065RB-14  5.5943!?-14  -9.38191-16  -3.1974E-1U 
7.26833-03 2.UR16E-03 -2.65U5E-15 -1.0558E-lk -1 .11023-75 -1.1576E-00 

I3IN = 5 
THE NEXT T R Y  FOR  PVRDOT = U.8315E-31 

1 3  T H E  V A R I A B L E  I S  NO.  12  
THIS COLIl?lN OF X = 
3 . 3 2 4 7 ~ - 3 1   1 . 7 5 1 j p - 0 2  -l.R378:--C3 -1.7K3fc-04  -7 .2FnlE-03  1 .48069-C3  2 .0133E-03  -2 .3332E-32  -2 .1343E-31  -3 .3925E-03 

-1.618UE-02  -1.45ll5?-@2  -?.l~UlE-C!4 1.0749E-03 -2.2926E-0%  -1.7893F-04 
I3IN = 6 
THE NEXT TkY FCIR PVSCOT = 8 .8666L 9 "  

1 3  T H E  V A R I A B L E  I S  NO. 12  
PHIS COLIINN OF X = 
1.8107E  01  -6.460UE-01  -3.nC56E-OZ  -3.713nF-33  -1.03?lP-01  3.573uE-02  3.2839E-02  -4.3557E-01  -4.351OE-33 -5.77OOP-32 

-2.4168E-31  -2.20342-01  -7.27U5F-C3 2 . 0 3 9 6 r - 0 2  -U.fiRl?P-I'3 -3.9431R-03 
ISIN = 7 
THE NEXT T R Y  FOR PVqDOT = 1.375YF  11 

13   r i iE  V A R I A B L E  I S  Y O .  1 2  
rHIS COLUMN O F  X = 
2.8548E  31  -8.2890~-01  -4.U691?-"2  -5.91313-"3  -1.52E9?-@1  5.3591E-02  5.2273?-02  -7.7535'2-31  -5.713qE-33  -3.3325E-32 

-3.R983E-01  -3.5637E-C1  -l .r096F-q2  ?.Q53QP-' l2  -7.236PF-03 -6"l187F,-O3 
T3IN = 8 
THE N E X T  T R Y  FOR  PVRDOT = 1.U289F 7 1  



1 3  T H E  V A R I A B L E  IS N O .  12  
PHIS COL’JMN OF X = 
2.9730E  31   -8 .70442-01  

-1.0382E-01  -3 .6915E-01 
ISIN = 0 
T H E  NEXT T R Y  FOR PVRDOT 

1 4  T K E  V A R I A B L E  I S  

5.4629E-03  3.1605E-03 
0 .0000  -3.6380E-12 

I 3 I N  = 1 
THE  NEXT T R Y  FOR  PVRDOT 

14  PHE V A R I A B L E  I S  

3.96308-03  -2 .4956E-04 
0.0000 -3.63803-12 

rms  C O L ~ J M N  OF x = 

THIS COLUNN OF X = 

I G I N  = 2 
THE N E X T  TRY FOR  PVRDOT 

1 4  T f l E  VARIABLE I S  

-6.2617E-01  -6 .8933E-01 
2.50573-02  2.5627B-02 

I3IN = 3 
THE NEXT TRY FOR PVRDOT 

14  THE V A R I A B L E  I S  

-3.PU06E 00  -3 .44823  00 
1.54531-01  1 .5466B-01 

I 3 I N  = 4 
THE NEXT T R Y  FOR PVRDOT 

1 4  T H E  V A R I A B L E  I S  
THIS COLUMN OF X = 

-4.7544E 0 0  -4.7632E 0 0  
2.1034E-01  2.1422E-01 

ISIN = 0 
THE  NEXT TRY FOR  PVRDOT 

1 5  ? R E  V A R I A B L E  I S  
T H I S  COLUMN OF X = 

0.0000 -1.819OE-12 
1 .13693-13   1 .70533-13  

T H E  N E X T  TRY F O R  PVRDOT 
K I N  = 1 

THIS COLURN OF x = 
1 5  T H E  V A R I A B L E  I S  

7.21733-03  3.9439E-03 
0.0000  -1 .81903-12 

ISIN = 2 
THE NEXT TRY FOE! PVRDOT 

raIs C O L U M N  O F  x = 

THIS COLUMN OF X = 

-4 .6476~-02   -6 .0197E-03   -1 .6865E-01  5.27OOE-02 5.4215E-02  -3.0513?-31 - 5 . 3 9 1 3 E - 3 3  -3 .1954E-32  
-1.1374E-02  3.3338E-02  -1.5181E-@3  -6.2548E-03 

= 1.4298E  01  
NO. 1 0  

-4.15951-03  -2.5R62E-64  -9.1864E-03  -5.2849E-b3  -1.1735E-03  1.5327E-02  -2.19391-04.  -3.1190E-03 
-5.0135E-04  -1.1116E-03  -1.9962E-04  -2-R112E-04 

= 3.031OP-32 
NO. 10  

-4.1595E-03  -4.0059E-04  -1.2589E-02  -5.2849E-03 -1.1’35E-03 2.03335-32  -2 .1099E-31  -3 .1133E-33 
-7.5246F-04  -1.1116B-03  -1.Q962P-04  -a.7056E-04 I 

= 6.00203-02 
NO. 1 0  

-1.1250E-02  -3.6159E-04  -3.8006E-03  -2.7631E-02  -7.4835E-03  1.7507E-02  -4.7522E-34  -9.P907E-03 
-1.6906E-03  -7.2159E-03  -4.8537E-04  -6.3162E-eU 

= 2.59343-31 
NO. 1 0  

-5.1329E-02  -2.3626E-03  1.59913-03  -1.2425E-01  -3.5967E-02  2.52335-01  -2.235OE-33  -7.2931!?-32 
-7.4286E-03  -3.   4580R-@2  -2.2773F-03  -2.5063E-03 

= 3.56843-01 
NO. 1 0  

-7.0456E-02  -3.2546E-03  2.92233-03  -1.7068E-01  -4.9563B-02  3.9369E-01  -3.3787E-03  -5.8224E-02 
-1.02293-02  -0.7645E-02  -3.137UB-03  -3.59043-03 

= 3.5684E-31 
NO. 4 

-2.6645B-15  -1.3558E-14  -1.1102E-15  7.50953-15 

= 3.0010E-02 
NO. 4 

4.051OE-04 0.31283-06  3.04823-03  -5.68438-14  -1.0658E-14  5.531(3Y-19  1.3133E-35  -3.197PE-14 

1.7331E-03  -3 .9492E-05  5 .73803-03  2 .22123-03  -2 .1672E-04  9 .0435E-03  1 .0977E-05  1 .3109E-03 
2.351118-05  -2.0292E-04  -1.1102E-15  -5.Q379F-05 

= 6.0320E-32 

3 



PHIS COLUMN OF X = 
1 5  T H E  V A R I A B L Z  I S  90. 4 

1.3202F-02  6.6952E-03 2.7140E-05 -4.0499E-04  -1.1102E-15  -1.31573-04 
0.0000 -1.8193E-12  3.U516E-93  -9.01593-05  1.077uE-02  4.43338-03  -4.32543-04 

I3IN = 3 
THE NEXT P R Y  FOR PVRDOT = 1.2004E-01 

1 5  T H E  V A R I A B L E  I S  NO. 4 
THIS COLUMN OF X = 
7.1928E-01  2.2771E-02  2.3292E-03  -2.4320E-04  1.1986E-02  6.9162E-03  -2.00211-04 
5.61922-03  9.1895B-04  -2.5950E-04  -1.8868E-n4  -3.44779-04  -2.379uE-04 

ISIN = 4 
THE REXT TRY ?OR PVRDOT = 1.1332E 3 3  

1 5  THE V A R I A B L E  IS N O .  4 
THIS COLUMN OF X = 
6.$595E 0 0  -5.8194E-01  2.0431E-02  -2.30063-03  1.39633-01  6.7292E-02  -4.7452E-03 
9.4424E-02  5.45323-02  -3.1400E-C3  -3.4463B-03  -3.5743E-03  -2.18003-03 
ISIN = 5 
THE N E X T  T R Y  FOR PVRDDT = 1.8393E  09 

1 5  T H E  V A R I A B L E  I S  NO. 4 
PHIS COLUMN OF X = 
1.17498  01  -8.O856E-01  3.5983E-02  -3.781UE-03  2.28378-01  1.061SE-91  -6.1253B-03 
1.2595E-01  6.4543E-02  -5.0577E-03  -5-77933-03  -6.00825-03  -3.5475E-03 

ISIN = 0 
THE MEXT T R Y  FOR PVRDOT = 1.8393E 3 3  

1 6  PHE V A R I A B L E  I S  'JO. 16  
PHIS COLUNN O F  X = 

1.1369E-13  1.7053E-13  -2.6645E-15  -1.3558E-14  -1.1102E-15  7.5Y95E-15 
0 .0300  -1.81903-12  -3.9080E-14  5.508OE-07  -1.87223-04  -5.5843E-14  -1.0658E-14 

I f I N  = 1 
THE N E X T  T R Y  FOR PVRDOT = 3.0010E-02 

1 6  T H E  V A R I A B L E  I S  NO. 16 
TRIS C O L U B N  OF X = 

1.1369E-13  1.70532-13  -2.66453-15  -1.0658E-10  -1.1102E-15  7.5495Fl-15 
0.0000 -1.819dE-12  -3.9080E-14  9.25u7E-07  -2.80933-04  -5.68433-14  -1.0658B-14 

I 3 I I  = 2 
THE NEXT T R Y  FOR PVRDOT = 6 . 0 3 2 0 E - 3 2  

16  P H E  V A R I A B L E  I S  NO. 16 
THIS COLUHN OF K = 

1.1369E-13  1.7053E-13  -2.6645E-15  -1.95583-14  -1.1102E-15  7.5495E-15 
0.0000  -1.8190E-12  -3.903OE-14  1.65298-06  -5.6185E-00  -5.58433-14  -1.0558E-14 

ISIN = 3 
T B E  NEXT T R Y  FOR FVRDOT = 1.2004E-01 

PHIS COLUMN OF X = 

1.13692-13  1.70533-13  -2.66458-15  -1.06583-14  -1.1102E-15  7.54953-15 

1 6  THE VARIABLE I S  NO. 16  

0.0000 -1.91903-12  -3.908OE-14  3.30593-06  -1.12373-03  -5.58433-14  -1.0658E-14 

I3IY = 4 
THE NEXT T R Y  FOR PVRDOT = 2.43093-31 

1.5665E-02  2.1972d-05  2.6165E-03 

1.3209E-02  -3.34791-04 5.3631B-04 

1.75113-31  -3.17331-33  3.3237C-03 

2.5399B-01  -5.32311-03  5.18381-03 

3.5913E-14  -8.39191-15  -3.J37PE-lU 

5 . 6 9 ~ 3 e - 1 4   - 8 . 3 e 1 8 ~ - 1 6   - 3 . 1 9 7 ~ 1 4  

5.5933E-14  -9.39181-15  -3.j974E-14 

5.6943E-19  -8.38188-16  -3.1974B-19 



1 6  T H E  VARIABLE I S  

1 .13693-13   4 .59143-03  
0.0000 -1.61903-12 

TBXS coLunn OF x = 

IGIN = 5 
T A E  w x r  T R Y  FOR PVRDOT 

THIS COLUMN O F  X 
1 6  THE VARIABLE I S  

1.13693-13  8 .9068E-03 
0.0000 -1.81903-12 

THE NEXT TRY FOR PVRDOT 
16  P H E  V A R I A B L E  TS 

3.0830E-01  3.5610E-01 

I O I N  = 6 

THIS COLUMN OF X = 

-7 .24893-03   6 .6045~-03  
I G I U  = 7 
THE  NEXT T R Y  FOR PVRDOT 

1 6  T H E  VARIABLE I S  

U.3807E 00 4.70793 00 
-5.63713-02  1.3582E-01 

rms C O L U ~  OF x = 

I O I N  = 8 

N O .  1 6  

-3.908OE-14  5.370OE-06  4.8161E-04  -5.6843F-14  -1.0658E-14 5 . 5 9 3 3 E - l U  -9.391BE-15  -3.177UE-14 
-2.6645E-15  -1.0658E-14  -1.1102E-15  7.54958-15 

= 4.8016E-01 
NO. 1 6  

-3.308OE-14  1.0916E-05  7.99003-04  -5.6843E-14  -1.0658E-10  5.5813E-14 -A.39lE!E-16 -3.197QF-14 
-2.6645E-15  -1 .0658E-14  - l . l l@2E-15 7.54958-15 

= 9.63323-31 
NO. 16  

-7.4446E-05  5.5387E-04  -3.95863-05 -1.9619E-64 
-3 .9782E-04  -1 .4345E-04  -1 .1121E-02  2 .5153E-03  5 .9AI2E-34  -5 .95355-33   -5 . j j J lE-J j  3.1574E-61 

= 1.4345E  01 
NO. 1 6  

-6.1342E-04  -2.52723-03  -1.4436E-01  4.8174E-P2  5.61998-03  -2.529UP-02  -1.235OE-03  1.012bF-?? 
-1.9184E-03  5.17813-03  -8.6925E-04  -3.2296E-03 

THE  NEXT T R Y  FOR PVRDOT = 2.3795E 9 1  
16  IHE V A R I A B L E  I S  N O .  1 6  

TAIS C O L U N N  O F  X = 
7.2121E 00 7 .77673  00 -8.6033E-On  -4.2119E-03  -2.3882E-01  7.99Q7E-02  Sr.@UElE-03  -3.91325-32  -2.15318-33  1.??31E-72 

-9.00333-02  2 .2739E-01  -3 .2342E-03  3 .3327E-03  -1 ,45233-03  -5 .3824E-03 
I O I N  = 0 
THE NEXT P R Y  FOR PVRDOT = 2.3785E  01 



T INVERSE = 

9.7238E-04  3.33953-04  1.23518-02  1.1710E-01  1.8105E-01  1.5640E-02 
1.2744B-02  5.2152E-03  4.4875E-02  1.2138E 00  2.74@3E-02  5.4851E-C3 

-3.3361E-01  -1.2767E-01  -1.3682E-03  -4.9360E-05  1.6744E-03  -2.614OE-03 

-2.4953E-03  -2.62583-03  -4.0857E-05  6.7QA6E-05  -6.336RF-05  -3.2366E-05 
9.5122E-02 -1.02993-01  -8.5334E-34 -3.5230E-05 3.9588E-04 -9.5795P-04 

2.4367E-02 2.4475E-02  -1.2303E-02 -1.3910E-05 -5.7922E-03 1.9311E-05 
2.9034F-04 1.04733-06  -4.45433-06 -1.5491E-05 -1.7226E-05 -1.0021E-05 

-8.8330E-02 -2.2562E-01  -4.2708E-03 8.4553E-@3 -2.7753E-03 -6.7390E-03 
9.8543E 00 1.0060E  01  -1.4693E-02 -5.1949E-03 -3.81n6E-02 9.32868-02 

-6.0880E-04 -1.3630E-03  -2.2730E-05 5.37733-05 -1.5490E-05 -3.7353P-65 
5.7015E-02 5.78223-02  -9.1418E-05 -3.4u42E-05 -1.3910E-02 5.18553-04 

-1.34708-02 -1.2703E-02  1.9601E-OU 9.1192E-04 2.1345B-05 4.5445E-05 
3.5922E-01 1.2309E-01  1.1015E-03 3.73943-05 -3.66193-03 -2.950RE-03 

-1.7695E 00 -1.3579E 00 -1.3803E-32 -3.1$75E-64 2.1270E-02 -1.7023E-P2 
1.0314E-01 9.9943E-02 -2.1542E-03 -9.7930E-03 -3.7944E-OU -5.9570F-04 

-3.6525E-02 -2.75543-92 -3.71051-04 -1.5504E-05 -1.1031E-03 -8.0066E-04 

3.3066E 00  2.7855E 00  1.3323E-01 -1.7706E-03 1.05728-01 1.3907E-02 
1.9491E-02 -1.3591E-02 -1.G001E-03 -1.725RE-03 -2.11433-03 -1.7DSUE-03 

-3.3333E-02 7.3039E-02 -6.7760E-04 1.98863-05 -1.9017E-03 -1.523.F;B-03 
-1.43009-03 -1.1065E-03 3.7873E-05 2.807nE-05 3.2223B-05 1.85708-05 

-3.79978-04 -3.2999E-04 -1.0649E-06 3.5591E-06 -1.12613-06 -9.6402E-07 
2.34481-03 -6.3C63E-04 -1.1923E-05 -9.1399E-07 -1.74243-03 -4.1153E-06 

-8.5734E-06 -2.2342E-04 -2.5372E-07 7.67RRE-07 -1.2923E-07 -4.406RE-07 
5.3301E-04 6.68553-04 -3.391917-07 -3.3709E-07 -1.45663-00 6.571RE-06 

-4.98753-03 -4.5593E-03 -1.40a8E-04 6.2172E-04 -9.2856E-05 -7.7253E-05 
-5.5675E-01 -5.57793-01 -8.25063-03 -3.8112E-04 3.4221E-04 -1.9987E-02 

2.50993-02 2.5085B-02 -1.1978E-03 -5.579UF-03 -3.67uOE-04 -4.20453-09 

AINI = 

9.0641E-03  8.7402E-03  -2.3272E-04  -9.4552E-04  -3.71313-05  -5.5965E-05 

- 1 . 3 5 0 7 ~ - 0 3  - I . O I ~ S E - O ~  - 4 . 4 3 9 1 ~ - 0 5  - ~ . O Q B O E - O ~  - 1 . 4 9 3 1 ~ - ~ 5   - 1 . 7 3 6 6 ~ - 0 5  

3 . 5 7 1 9 ~ - 0 1   - 1 . 0 7 5 7 ~ - 0 2   - 5 . 7 4 0 2 ~ - 3 4   - 7 . 3 5 0 3 1 - 0 5   - 2 . 0 9 3 3 ~ - 0 3   6 . 5 0 9 0 ~ - 0 4  

2.1319E 00  -1.4672E-01 6.5111E-03 -5.8616E-04 0.1439E-02 1.326RE-32 
1.2R53E-02 1.1712E-02 -9.1774E-04 -1.7487E-03 -1.Q902E-03 -6.4372E-04 

-1.4081E-03 3.5564E-03 -5.0583E-05 1.3332E-04 -2.2714F-05 -8.81813-05 
1.129OE-01 1.2163E-01 -1.3456E-05 -6.5R75E-05 -3.7351E-03 1.250UE-03 

2.0902E-01  1.7533E-03  4.3163E-31  1.93553-03 

-1.0193E-03  1.2731E-32  -3.3835E-35  -3.5354E-34 

7.08POR-n5 -2.33391-03  -5.32391-35  -1.1921E-03 

-1.7063E-95 5 . 0 3 5 O E - 3 4  -2.31058-05  -1.2608B-04 

3.1959E-03  -1.5155E-02  -3.5134C-03  1.16571-02 

5.9333E-05  -2.03113-34  -2.3255E-05  5.6929E-35 

9.773OP-04  -1.9179E-02  2.84901-05  7.69581-04 

-1.0553E-02  1.1391E-01  -3.38191-31  -3.9343E-33 

-2.16773-04  -2.0539E-03  -1.974613-05  -2.96173-00 

-1.0593E-03  5.2@04E-P2  -2.3350L-03  -1.2420E-02 

2.90532-05  -2.6553E-03  2.3551C-05  -4.9111B-04 

3.8193E-05  -5.7023E-05  -1.35411-96 - 1 . 5 2 3 9 C - 3 5  

8.3259E-07  -).2551E-O6  -1.31191-37  1.2139L-36 

6.69FlE-94  -3.31741-03  -9.5222E-35  -1.1297E-03 

-5.4333E--33  4.095OE-02  -3.60531-04  -6.81821-03 

-1.1115E-33  4.5523E-02  -9.5591E-00  1.1221L-03 

1.9143E-34  -5.9733E-34  -3.2133E-35 2 . 6 5 3 9 E - 3 4  



A =  
-5.0565E 00 -3.0713E-02 -2.9468E-01 3.9335E 01  -5.33913-01 -2.5047F 02 2.0381E 03 
8.3973E-02 -5.72993-02 -3.U526E C3 4.5147E 02 -1.4176E 04 4.3767E 00 
2.3346F-02 -4.80233 00 3.0603E 0 0  -2.2896E 02 -3.18023-02 -7.0417E-Cl -5.2383E 02 
3.5671E 01 -4,32883-02 1.1222E C4 5.3972E 02 -1.3135E  03 -1.6550E 04 
1.0294E-02 1.6695E-02 - 7 . 5 5 8 2 E  01 1.3153E D U  2.2164E-01 2.34398 00 2.44uOB 02 
2.1929E-02 8.14183-01 3.5630E  01 -2.3794E 02 1.61683  @4 -2.77663 03 

-2.9561E-04 -8.365UE-04 -4.n383E-02 -1.2232E 03 4.1008E-01 8.j963E-03  3.2784E 0 3  
-5.4518E-'74 -2.71823-01 -7.S532E-01 -3.4222E 00 -9.0175E 03 7.88743 02 
5.08493-03  7.91303-03  4.9072E 01 -4.6135E 0 4  -7.30453 01 3.5386E-01  -5.9937E 31 
7.3962E-02 3.6321E  01  4.3765E  01  5.1396E 01 3.349AF 02 3.9300E 04 
1.1725E 00 -2.0090E-01 0.2355E-Cl 5.1426F 02 -4.8913E-02 -1.69553 02 -8.0093E 33 
7.1633E-01 4.184bE-02 1-2136E 02 9.5777E 03 1.37363 03 -8.9441E 02 
5.64683-01 -3.56823-03 3.9230E-03 j.qT2OE 00 -2.2886E-03  7.32053 00 -3.0473E  03 

-1.09323-03 4.6000E-04 9.8476E-02 3.03183  03 1.fi012E 03 -6.16563 00 
2.2990E-01 -7.2786E-02 -2.3702E 00 -3.73653 02 4.504OE-02  3.71473 02 -3.4792E r)ll 
2.39633-01  -3.5829E-01  2.4379E 01  3.2969E 04 1.4294E 03 9.32263 02 
7.7884E-04 1.13868-03 6.2887E-01 7.55003 02 1.6265E-02 -7.4471E-02 -1.2388E  01 
9.03963-04 6.05428-02 2.50448 00 1.2848E 01 1.4551E 03 -2.9622E 02 
1.2849E-01  9.5445E 00 l.lR39E 00 -1.4713E 02 6.3233E-01  1.99403  01  -1.5712E 04 
I.OIOIE-OI 1.1290~-01  -2.9718~ 02 1.5921~ 04 -6.43393 04 6.91141~ 00 

-3.0769F 03 2.1250E 00 -9.5180E 04 5.2546E 04 1.U233E 04 1.2376E 05 
-3.9575E P O  1.9362E 01 -3.8123F  01  1.59283  03  8.1694E 00 -7.7309E  01  -4.3532E 04 

2.7527E 01 -5 .55158  31 5.3342E 12 

6.5972E-01 3.1351E 33 -5.0231E 32 

1.9153E-01 - 2 . % 3 3 1 E  'JU 7.0109E 01 

-5.3815E-03 3.57U5E 02 3.163OE-02 

5.07533-92 3.32011 33 -2.7018E 00 

3.2909E 00 -1.3437E 3 3  2.61901 12 

2.5755E-02 -3.2135E 31 -4.67931 3 1  

-2.5179E 02 -1.2709E 0 3  9.5757E 30 

1.4297e-n2 -2.3330~ 03 -9.2605~-01 

1.3231E 00 7.2239E 0 9  -7.8616P 02 

1.91993 03 -2.33351 04 7.5334E 02 

-2.2171E-01 -1.66543 01 -5.2295E 32 2.3339E 06 -1.1979i  01  1.3143E 02 -5.8164E  03  1.9571E 00 -1.30731 3 3  -3.2325E 91 
" " .. 

3.7857E 03 -4.02823 03 7.1729E 04 5.3449E  03 -6.6422E 04 -2.3473F:  06 
-9.0010E-02 9.6115E-01 -2.4339E 00 1.4322E 02 1.54973-01 -7.9874E 00 1.6109E 03  -1.2131E 31 -2.2212E 3 3  1.1273E 3 1  
3.b546E 00 7.1001E-02 -6.9456E 03 -8.3737E 02 2.038€E 03 6.83573 03 
3.2134E-02 -1.8142E-02 -3.55'30E-02 5.14263-01 1.63113-02 -1.1417E 01 5.22778 03 4.9554C 00 -2.1763E 02 -1.8499E 00 

-1.7387E-02 -2.79733-03 3.5362E 01 -5.5485E 03 2.39323 02 -9.6110E-01 
-3.5333E-03 4.79993-01 -3.0407E-02 5.1570P 00 -2.11471-02 3.1878E 00 -9.65USE 02 -5.1237E-02 5.3749E 33 3.2905E 00 
3.2289F-03 -2.6589E-03 8.2P12E 00 9.6904E 02 -6.0850E 03 - 2 . U A 8 9 P  00 ~. ~. ~ .. " . ~ .. 

-9.5409E-93 -6.5289E-01 -1.5944E 0 1  8.7379B Oi -3.72063-01  1.57653 00 9.2207E  01 3.3614E-02 -1,22111 34 - 4 . 1 5 3 2 E  30 
-6.6185E 00 2.55253  01  4.6443E 03 -1.0187E 02 -2.15883  03 -7.7551E 04 
c =  
-6.4699E-07 -2.02823~06 6.9625E-05 -3.4260E-01 6.5684E-06 2-30093-05 6.6218E-03 -2.1431E-05 2.27951-02  3.13513-05 
-9.7537E-07 9.5610E-08  -1.92503-03 -6.8742E-03 -7.929PE-03 1.15983-02 
1.1987E-02 4.6434E-02 -1.2509E 00 A.0195E 03 -7.7002E-02 -5.9215E-01  -1.63558 02 2.8252E-01  -3.17481 32 -1.1673E 00 
4.8001B-02 -5.65203-03 3.6014E 01 1.66653 02 6.3557E 01 -2.0253E 02 
1.13873-02 4.6434E-02  -1.2509E 00 8.0195E 03 -7.70029-02 -5.9215E-01  -1.6355E 32 2.32528-01  -3.1778E 02 -1.1573E 00 
4.8001E-02 -5.6520E-03 3.6014E 01 1.6665E 02 6.3557E  01 -2.0253E 02 

! 
5 



OUTPUT AN= 0.370 

H I D O L E  SPOOL I S  DUHYY 

N O  AIRPLJU I N T O  U I N G  
TBE OUTPUP I S  I N  ENGLISH UNITS 

PCNP 
0.102552E  03 

PClJC 
D.118482E  03 

T2 
0.518670E  03 

PCBLP 
0.000000 

PCBLHP 
0.726000E 00 

UA3 
0.115315E 3 3  

TFFHP 
0.439981E 0 2  

TPPLP 
0.130079E  03 

PCBLDW 
0.208000E 00 

HAD 
0.884383E  02 

ETAP 
0.847718E 00  

T6 
O.lU19lOE 0 4  

T7 
0.141910E 3 4  

PS8 
0.133397E  01 

PS28 
0.003700 

BYPASS 
0.6054C3E 00  

C V H N O Z  
0.9494OOE 00  

H k I B  SONIC CONVERGENT N O Z Z L E  

CONVERGED AFTER 9 LOOPS 

ALrP= 0. TO= 2909.59 

0.102551E 31 
CNF 

0.9388713 0 0  
Z R C  

0.100?00E 0 1  
P2 

BLF 
0.000000 

0.160847L  02 
9LHP 

7.2777503 0 1  
U FB 

0.200241E  01 
Z N H P  

0.230199E  01 
lNLP 

0.4608283  01 
BLDU 

H FD 
O.r)00000 

0 .3139723  0 0  
PTAC 

3.272325E  01 
P6 

H PA 
0. o o o o o c  

3.103300E  01 
AW8 

AY28 
0. ooonoo 

ReExr 
0. rJ0OOOP 

0.15925’33 04 

PG= 13536.0C 

v ,l n 

0.834671E 0 0  
ZF 

0.81472DE 0 0  
ZC 

0.744583E 0 3  
T2 1 

0.160000E !IO 
PCBLC 

0.560000E-0 1 
PCBLLP 

0 .1199923   33  
W 6 4  

0.734620E-01 
DATCAP 

0.4235253-01 
DHTCLP 

0.7931’40E 3 3  
T24 

0.8843333 0 2  
U G 2 C  

0.871273E 00  
ETArRF’ 

0 .262221E 0 1  
PS6 

0.225077E  03 
WG7 

0.167738P 04 
V8 

V28 
0.300000 

0.277750E 0 1  
wPr 

CVDNJZ 
0.30b330 

0.3009243  01 
PRP 

D.949852E  01 
PRC 

0.300924E  31 
P2 1 

0.221552L  02 
B L C  

0.146224E Dl 
BLLP 

0.238793E-01 
PARN 

0.21  3088e 03 
DHTC 

3.833510E  32 
OHTF 

3.2s3118E  91 
P24 

P1 R24 
0.000003 

0.902172E 00 
EIATLP 

0.243037E 00  
A06 

fl. 124944E-01 
PA P7 

0.138387E  01 
P5 9 

DS29 
0.000333 

0 . 2 2 5 n 7 7 ~  33 
S;P 

V J D  
0.0n3033 

PN‘ 13535.00 

3.222330E 93 
UAPZ 

D.551328E  02 
SACC 

3. lb71N6E 04  
r 3  

PCBL3B 
0.003000 

3.2930595  04 
T 4  

0.1OOOOOE 0 1  
Erns 

r5  

r55 

0.210970E 04 

3.1794151 0 4  

3.793340E  03 
T25 

ErAD 
0.303000 

9.283351E 0 0  
A H 5 5  

0.438378E 0 3  
V6 

ETA I! 
3.003300 

0.100333E  91 
An9 

&Y2? 
0.00’)300 

V A  
@.309000 

3.1114353  05  
P30 

ErAR= 1.0000 

3.222303E  03 

0.138473E  03 
I r IC  

0.2550kOE  02 
P3 

BLOB 
0.000300 

0. 241114E 02 
P1 

0.56D353E-01 
DPC31 

0.5705Q8E 3 1 
P5 

0.270347E  01 
P55 

0.283418t  01 
P2 5 

0.$31737E-91 
DPDUC 

0.391747E 03 
A125 

0.225077E  03 
RG6 

0.538972P-01 
DPAPT 

C. 157733E 39 
V P  

v29 
F. 000300 

F R D  
0. COD?Fr! 

0.239540E 04 

spc= 3.73373 

P;D 



A R =  0.000 o o r p u r  

HIDDLE  SPOOL IS DUNMY 

NO AIETLOW I N T O  U I N G  
FEE 3UTPUT IS I N  EUGLISH U N I T S  

0.102579E  03 
PCNP 

0.118421E 03 
PCAC 

0.518670E  03 
T2 

PCB  LF 
0.003300 

0.726000E 0 0  
PCBLAP 

0.11  5734E  03 
Uh3 

0.499974E  02 
TPPA P 

0.130333E 03 
TPFLP 

0.2080OOE 00 
PCBLDU 

0.8959093  02 
WAD 

0.847070E 03 
ETAP 

0.140908E 0 4  
T6 

0.143908E 0 4  
T7 

0.136756B  01 
PS8 

PS28 
0.003300 

0.616972E 00  
BYPASS 

0.949400E 00 
CVUNOZ 

ALTP= 0. T4=  2891.96 

0.102579E  01 
CNP 

0 .9893203  00  
CNC 

0.1 OOOOOE 0 1  
e 2  

BLF 
0.000000 

0 .160044E  02  
BLAP 

0.275000E 0 1  
w PB 

0 . 2 0 0 4 3 7 1   0 1  
CNAP 

0.230656E 01 
CNLP 

0.858528E  01 
B LDU 

W PD 
0.00000@ 

0 .314197E 0 0  
BTAC 

0 . 2 6 9 8 4 5 3   0 1  
P6 

W I I A  
0.000000 

0.1 OOOn0E 3 1  
\!I8 

A328 
0. oooooc  

tiPEXT 
0.000000 

0 .1587031  O U  

PG= 13441.39 

V J N  

0 .8257703  0 0  
ZF 

0.814219E 0 0  
zc 

0 .743143E  33  
r 2 1  

0.1600OOE 0 0  
PCBLC 

0.660000E-0 1 
PCBLLP 

0.1184843 0 3  
U G4 

b.735834E-01 
DETCEP 

0.925347E-01 
DATCLP 

0.781733E 3 3  
r 2 4  

0 .8953093  '52 
WG24 

O.AS1218E 10 
ETATHP 

0 . 2 5 9 1 7 7 3   0 1  
PS6 

0 . 2 2 5 5 3 4 3   0 3  
W67 

0 .1671613  34 
V 8  

V28 
0.000000 

F.275300FI 3 1  
w p r  

CV DN 32 
0.300013 

0.299893E  31 
PRP 

3.989040E  31 
PRC 

0.298993E Dl 
P2 1 

0.220446E  02 
B L C  

0.145P94E  31 
BLLP 

0.237613E-01 
FIR4 

0.212685E 03 
DATC 

0.894282B  02 
DATF 

0.281184E 01 
P24 

FAR24 
0.000003 

0.902435E 0 0  
ETATLP 

0.245431E 03 
An6 

0.*23437E-n1 
FA R7 

0.1367568  01 
PS 9 

PS29 
0.000031 

0.225534E 3 3  
W3T 

V J D  
0 .003003 

FN= 13U41.39 

0.222795E 03 
RAP? 

3.551772E  02 
WAC: 

0.1468743  04  
T3 

PCBL38 
0.900000 

3.289136E 0 4  
T 4  

0.1000OOE 01  
ETAB 

0.210287E 0 4  
rs  

3.178644E 09 
T55 

0.7917338 03  
T25 

E l b D  
0.0@3000 

0.285327E 0 0  
a1155 

0.440399E 03 
V6 

ETAA 
0.00D300 

0.103000e  31 
An9 

AN29 
0. O O O D O O  

vn 
0.003000 

3.11  124AE 05  
P3B 

0.222794:  03 
WRF 

0 .137773E  03  
WAC 

0.253772E V2 
P3 

BLOB 
O.O000@0 

0 .2395338  02  
P? 

0.551203E-31 
DPC'JW 

0. S5%82E  01  
PS 

0 .267101E  01  
P5 5 

0.29118QE 01 
P2 5 

DPDIIC 
0.532483E-01 

0.330315B 0 3  
8'1 25 

0.22953UE  03 
u56 

0.63$555E-31 
w n v r  

0. 157151E 3 4  
8 9  

v29 
0.000000 

PPD 
0. oon3no 

0.231661E 04 

S P C -  3 .73653  

P3P 

M h E N  SONIC CONVERGENT  NOZZLE 

C O U V E R G E D  AFTEP 10 LOOPS 



B =  
-3.3971E  02 -1.88443  01 
-7.6357E 00 8.1031E  01 
2.7458E  01 -3.6972E  01 

-7.36793-01 -7.4372E  01 
2.5007E  01 -2.04943  03 
3.0562E 01 -5.9852E 01 
9.47301 00 -1.0116E 00 
3.36753 04 -4.6492E 01 

5.3471E 02 -1.24803  01 
1.9901E 00 -2.8772E 00 

2.0804E 03 1.1746E 03 
5.3638E 03 -1.0983E 02 

9.7612E 00 -1.6070E 00 
9.2601E 00 -3.0955E  01 

-1.03431 01 -3.4356E 00 
-5.73353 00 4.6618E  01 

2.67133-01 -2.45353-01 
2.9886E  01 4.05943  03 
2.9886E 01 4.4594E 03 

D =  

A R  = 
-5.9400E 00 1.9103E O F  3.2736E  00  -4.8070E  03  1.5055E-01  -2.91799 02 2.09891 03  3.5559E 01 - 4 . 8 3 5 7 E  33 
-2.6600E-01  -5.49743 00 -8.8566E-01  -5.3708E 03 -1.65373-01  1.2807E 00 1.2805E 03 9.4515E 00 -3.5609E 03 

-1.0269E-03  -2.0348E-03  -2.3390E-01  -2.7788E  02  a.0726E-01  -1.9569E-02  5.9931E 00 -1.0465E-31 2.13151 02 
3.53613-02  1.72563 00 -7.58921 01 5.8571E 03 2.6559E-01  3.7053F 00 -7.6503E 02 3.09251 00 -6.3853E 31 

-5.3101~-02 3.6424R-02  3.9359E  01 2.7322E 03 -7.3122E  01  -1.7047E 00 1.5611E 02 2.3756C 31 -3.3977E 33 

6.70893-01  -1.24373-01 -1.3357E-01 6.1651E '71 -4.7QO5E-02 2.3072E 00 -1.9902E 02 2.48253 00 9.3598E 02 
1.2848E 00 1.33303 00 1.1671E 00 -3.1032E  02  2.5177E-01  -1.94993 02 3.4750E  01  1.3315t 01 2.73588 3 3  

4.17243-01  8.1581E-02  -2.9698E 00 U.3A34E 02 1.34733-01  3.03968 02 -3.7223E  03  -2.2243E 02 -5.770JE 3 1  
1.$055E-03  1.1600E-01  6.65801-01  5.1543E 02 1.2537E-02  1.9911P-01  -1.57131 31 2.3179E-01  -5.9552E 02 

BR = 
2.3662E 02 2.3575E 01 

-2.894?E 02 1.8122E  01 

-6.73363-01 -7.4075E  01 
6.5854E  01  -4.59203  01 

3.0057E  02  -5.6996E 01 
1.2090E 02 -2.03193  03 

-2.9302E 01 -4.39393 00 

-2.3988E-01  -3.88223 00 
3.3730E 04 -5.8417E  01 

CR = 
-5.5621~-07 -2.9553E-06 6.7167C-05 -4.3107E-01 6.5109E-C6  3.5167E-C5  5.8821E-05  -2.6394E-05 1-35323-92 
1.2342E-02 5.1938~-02 -1.2284E 00 7.32212 03 -7.63783-02  -9.1569E-Dl  -9.2353B-01  4.11358-01  -2.3808E 02 
1.2342E-02  5.19388-02  -1.2284E 00 7.3221E 03 -7.6178E-02 -9.1569E-01 -9.2350F-01  U.1135E-01 -2-3899E  32 

DR = 
2.6715~-01 -2.4533~41 
2.9270P 01 u.4590E 03 
2.9270E 01  4.4590E 03 
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8-21 With  3-percent step change in nozzle area. 
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Figure 1. - Response of state 1 - core rotor soeed. 
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la-1)  With  3percent step change  in  main  fuel flow. la-2) With fpwcent step change In nozzle area. 

(a) Comparison of full-order  linear  and  nonlinear  runs. 
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0-1) With 3percent step  change in main fuel Flow. 
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0-2) With 3percent step change in nozzle area. 

bl Comparison of reduced-order linear and nonlinear runs. 

Figure 2. - Response of state 2 - fan  rotor  speed. 
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Figure 3. - Response of state 3 - compressor-exit  pressure. 
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Figure 4. - Response of state 4 - compressor-exit internal energy. 
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0-1) With fpercent step change in main fuel flow. (b-2) With fpercent step change in nozzle  area. 

b) Comparison of reduced-order linear and nonlinear runs. 

Figure 5. - Response of state 5 - afterburner-exit pressure. 
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Figure 6. - Response of stale 6 - combustor-exit internal energy. 
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(b) Comparison of reduced-order linear and nonlinear runs. 

Figure 7. - Response of state 7 - afterburner-exit internal energy, 
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(b )  Comparison of reduced-order  linear  and  nonlinear  runs. 

Figure 9. -Response of state 9 - duct-burner-exit  pressure. 
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la) Cornoarison of full-order linear and nonlinear runs. 
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Figure 10. - Response  of  state 10 - fan-exit internal energy. 
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la-2) With fpercent step change in  noule area. 

(a) Comwrison of full-order linear and nonlinear runs. 
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Ib) Comparison of reduced-order linear and nonlinear runs. 

Figure 11. - Response of state 11 - fan-exit  pressure. 
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(b) Comparison of reduced-order linear and nonlinear runs. 

Figure 13. - Response of state 13 - high turbine-exit pressure. 
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Figure 14. - Response of state 14 - high turbine-exit internal energy. 
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Figure 15. - Response of state 15 - low turbine-exit pressure. 
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01-11 With 3percent step change in main fuel flmv. lb-2)  With 3percent step change in nozzle  area. 

lb) Comparison of reduced-order linear and nonlinear runs. 

Figure 16. - Response of state 16 - low turbine-exit internal energy. 
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Figure 17. - Response of w$ut 1 - specific fuel consumption. 
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Figure 18. - Response of output 2 -gross thrust. 



t 

u. 
A 
m 

+ 
VI 
3 
Ly 

t 
,I 

It88 .- 

35B - 

388 - 

2 5 8  - 

2 8 8  - 
+ 
w 
z 

1 5 8  - I 

o Nonlinear 
o Linear 

3 E0 

2 88 I 
IL 

.A 
m 

t 

+ 
U 
z 



2 8 8  - 

158 t 

*5n - 

tnu - 

3[.n - 

I 

8 
U.UB 8.25 8 . 5 8  8.75 I.UU 1.25 I . 5 8  1.76 2.PU 2 . 2 5  2.CB 

I I I I I I I I I I 

T I M C ( S E C )  

@-1, With fpwcent step change in main  fuel flow. 

I- 

IUP , I 

-168 ! 
-258 I I I I I I I I I I 

8.88 P.25 E.iP P.75 1.8P I.:h ; .?e 1.76 3 . p ~  2.25 7.1.p 

T I N C ( 5 E C )  

@-2) With fpercent step  change in nozzle  area. 

t ~ )  Comparison  of reduced-ordw linear and nonlinear runs. 

Figure 19. - Response of output 3 - net thrust. 

P 
W 
W 



1.  Report No. -[-Z- Gi&ment Accession No. 
~ " 

3. Recipient's Catalog No. 

LINEAR A, B, C, AND D MATRICES FROM A NONLINEAR 
DYNAMIC ENGINE  SIMULATION 

September 1978 

~~~ - ." 

7. Author(s) 8. Performing Organization Report No. 

Lucille C. Geyser E-9464 
. 10. Work Unit No. 

9. Performing Organization Name and  Address 
National  Aeronautics and Space  Administration 
Lewis  Research  Center 

505-05 
11. Contract or Grant No. 

Cleveland, Ohio 44135 
13. Type of Report and Period Covered 

12. Sponsoring  Agency Name and Address 

National  Aeronautics and Space  Administration 
Washington,  D.  C. 20546 

I Technical  Paper 
14. Sponsoring Agency Code 

I 

15. Supplementary Notes 

16. Abstract 

A  digital  computer  program, DYGABCD, has  been  developed  that  will  generate  linearized, 
dynamic  models of simulated  turbofan and turbojet  engines. DYGABCD is based  on  an earlier 
computer  program, DYNGEN, that is capable of calculating  simulated  nonlinear  steady-state 
and transient  performance of one-  and  two-spool  turbojet  engines or two-  and three-spool  turbo 
fan  engines.  Most  control  design  techniques  require linear system  descriptions.  For  multiple 
input/multiple-output systems  such as turbine  engines,  state  space  matrix  descriptions of the 
system are often desirable. DYGABCD computes  the  state  space  matrices - commonly referre  
to as the A, B, C,  and  D matrices - required  for a linear  system  description.  The  report  dis- 
cusses  the  analytical  approach  and  provides a users  manual, FORTRAN listings, and a sample 
case. NASA TN D-7901, describing DYNGEN, is a necessary adjunct to  this  report. 

7. Key Words  (Suggested by Author(s)) Distribution Statement 
-_ - 

Dynamic  engine  simulation;  Linear  engine  Unclassified - unlimited 
simulation;  Nonlinear  engine  simulation; STAR Category 07 
Reduced-order  linear  engine  simulation 

9. Security Classif. (of this report) 
. ". 

20. Security Classif. (of this page) 

Unclassified Unclassified 
_. - .~ . ". . 

* For sale by the  National  Technical  Information Service, Springfield,  Virginia 22161 
NASA-Langley, 1978 

1 

, I  



National Aeronautics and SPECIAL FOURTH CLASS M A I L  Postage  and Fees Paid 

Space Administration 

Washington, D.C. 
20546 

BOOK 
Space Administration 
National Aeronautics and 

NASA451 

USMAIL 

Official Business 

Penalty for Private Use, $300 

14 7 IU,A, 082678 S009031)S 
DEPT OF THE A I R  FORCE 
AF W E A P O N S   L A B O R A T O R Y  
BTTN: TECHNICAL L I B R A R Y  [SUL) 
KIRTLAND A F B  Bfl 87717 

NASA POSTMASTER: If Undeliverable (Section 158  
Postal Manual) Do Not Return 


